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mox^ of 1Intro^uctton

Conway MacMillan

Four years ago the first volume of Postelsia

was published, with seven papers by members

of the Minnesota Seaside Station. Now, seven

other papers have been brought together in the

hope that they will be of interest to those who

have made the pilgrimage and sat in the Hall

of the Energids. This little book will at least

be a souvenir to those who know the Vancouver

coast and love the memories of happy days

and nights under the sheltering roof of the

"Sea Palms" or beside the white water. To

others, too, it is hoped that these papers will

have some scientific and permanent value.
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€>bj3crtiationj3 on plant J^ijstribution

ijn EcnfrctD district of Qancouljcr ^fslanK

C. 0. ROSENDAHL

A. 31ntroDuctor^.

During the summer of 1901 the writer, in

company with Mr. C. J. Brand of the Field

Columbian Museum, began a collection of flower-

ing plants and ferns of the west coast of Van-

couver Island in the region surrounding the then

newly established Minnesota Seaside Station.

The work, which was carried on from the i8th

of June to the 1 5th of July, was largely floristic in

character, the object being in the main to secure

for general distribution sets of each species grow-

ing in the region. Owing partly to the labor thus

entailed and partly to the great difiiculty of

penetrating the dense forests, the area covered

in the few weeks was necessarily limited.

During the following summer, 1902, the

writer again visited the region spending most
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of the time between July i8 and Aug. 15 in

field work.

The region gone over in these two seasons'

work is largely coastal, being mostly confined to

the open rocky beaches in the vicinity of the

above named seaside station, and the territory

surrounding San Juan Harbor. Excursions were

made inland for several miles in the San Juan

and Gordon river valleys.

From this it may be seen that no extensive

generalizations on plant distribution along the

west coast of Vancouver Island will here be at-

tempted, but that rather it will be the object in

these pages to set forth a few main facts bearing

upon plant ecology and plant floristics as revealed

in the particular limited area defined above, not

striving to enter into too detailed analyses and

elucidations which can be undertaken onlv with

the aid of fuller observations and extensive

statistics relating to temperature, precipitation

soil composition and the like.

Since the vegetation of a given region is the

product of both past and present conditions, it

follows that a survey of these in so far as it can
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be brought out through a brief account of posi-

tion, geological formation, topography, rainfall

and climate, will add materially towards facili-

tating the interpretation and explanation of its

present plant associations and formations.

Position and extent. Vancouver Island is

situated between latitudes 48° 15^ and 50° 45' N.

and longitudes 123° and 128° 30' W. It is the

southernmost and the largest of a long chain

of islands strung out along the west coast of

North America from Washington to farthest

Alaska. It is separated from the main land on

the southwest by the Straits of San Juan de Fuca,

and on the east and northeast by Johnsons'

Straits and the Straits of Georgia. The island

is in round figures 450 kilometers long by 130

kilometers wide. The part of Renfrew district

under consideration lies on the west coast op-

posite Cape Flattery and comprises the region

of San Juan Harbor.

Geological formation. Geologically this chain

of islands is a partially submerged extension of

the coast range of the Pacific States. Van-

couver, and this applies in main part for the



IP s t e I s i a

other islands also, is essentially a mass of tilted

gneissic rocks with here and there certain terti-

ary areas. It was subjected to heavy glaciations.

The main course of the glaciers seems to have

been northward through the Straits of Georgia,

and westward, as shown by scourings on the

rocks around Victoria, through the Straits of

Fuca. The effect has been to leave in many

places extensive gravel moraines and in others

beds of boulder clay. On top of the sharply

tilted slate rocks of the region of the Minnesota

Seaside Station in certain j^laces are such mo-

rainic remains, while in others again the rocks

jut out bare, or have only such covering as

countless generations of decaying trees and other

vegetation have left behind. Along the shore,

on the projecting points mostly, there is super-

imposed upon the slate rocks a late sandstone

formation, while in the inlets there is usually a

coarse grained beach deposit, formed from

coarse sands and particles of the disintegrating

slate. The west coast, being subjected in many

places to unusually heavy wave action, is under-

going comparatively rapid changes. The geo-
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losfical formation of the valleys of the Gordon

and San Juan rivers is not essentially different

from that observed along the coast. The two

streams have a somewhat rapid descent to the

sea and some distance inland have cut deep yet

narrow gorges in the solid volcanic rocks. In

the lower portions of the San Juan Valley are

evidences of extensive moraines.

Topography. Generally speaking the whole

Ireland can be said to be mountainous. From

both ends there is a rapid rise towards the mid-

dle interior, culminating in Alberni district in

snow capped peaks of over 1800 meters altitude,

and near Comax, in Victoria Peak, 2280 meters

high. Only in the northern portions are there

found meadow lands and fairly level country.

The rest is uneven and rough. The west coast

has been referred to in writings as "stern and

rockbound," and the application is wholly ap-

propriate. Jagged shores and high and rocky

promontories leave few places of approach.

The east coast is more protected and also less

rough.

Rainfall and Climate. No extensive data are
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at hand concerning the rainfall, hence it can be

referred to only in general terms. This however

can be said, that the precipitation on the west

coast, from the northern extremity of the island

to within 40-50 kilometers of the southern end,

is unusually heavy. The region around Victoria

and the extent of the coast referred to above, lie

behind the Olympic Mountains of Washington

and the moisture of the southwest winds has

been largly condensed before these reach the

island. According to observations made by Mr.

Newton at Port Renfrew in San Juan Harbor,

the rainfall for the year 1902 was 300 cm. This

can hardly be considered as the average annual

precipitation since the year, according to state-

ments made by the natives, was more than

ordinarily wet. Yet an average of 275 cm. may

not be far from correct. This indicates that

the place is one of the rainiest in temperate

North America, being approached at Neah Bay

across the straits in Washington, and perhaps

equalled only at certain places in Alaska.

By far the greatest amount of rain falls during

the winter months, during which time there are
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few rainless days. Even during the summer it

is unusual for a week to pass by without some

precipitation. The rain falls usually in the form

of steady continuous drizzle, which at times may

develop into heavy downpours. Such a

great amount of rainfall cannot but have

far-reaching effects upon the floral population of

the place, and this together with the equable

climate brings about conditions favorable for the

development and maintenance of dense and

heavy vegetation. Snow is of rare occurrence

in this part of the island, and if it falls it quickly

disappears, because the temperature very seldom

is known to reach the freezing point. The

Japan current, with its warm waters sweeping

along the west coast of North America, exerts a

great equalizing influence upon the climate of

the islands whose shores it washes, and is an

important factor in the present floral develop-

ment. Moisture and heat are thus seen to be

present in quantities to give seasons with long

periods of growth. These combined causes are

responsible for the dense and stately forests that

characterize the region.
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This short survey of these fundamental fac-

tors and conditions which have to do with plant

distribution in general, will perhaps suffice to

o-ive an idea of how thev obtain in the region

under consideration. It is then in line to con-

sider their bearing upon the floral development

in this limited designated area, with reference to

the organization and division of the ])lant com-

munitv into its most likely natural groupings

and formations, and tlien further to enter into

an analysis of the various associations with

respect to their present interdependence and

floristic composition rather than their historic

origin and development.

B. plant SDistiibution nuD 3Daptation.

A territorial rather than a biologic basis is

adopted for primary divisions and upon this

is built the classification of groupings and for-

mations which is thought best suited for the

manner of treatment pursued in this work. The

following synopsis will serve to give an idea of

the entire scheme.
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I. Marine formations.

a. Vegetation of the tidal area.

1 . Algal formation.

2. Eel grass formation.

II. Formations of the beach.

a. Vegetation of sandy beaches.

I . Sand beach formation

(I Large open beach.

b Small inlet beach.

b. \'egetation of rocky beaches.

I . Rock beach formation.

(/ Exposed rocky beach.

b Protected rocky beach.

III. Formations of the forest country.

a. Vegetation of the transition zone.

I . Salal formation.

b. Vegetation of the forest proper.

I. Coniferous forest formation.

a Forest of low altitudes

fronting the sea (up to loom.

b Forest of higher altitudes

(loom, to 300m.).

c Forest of the river valleys.
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2. River bed formation.

(/ Banks and channel.

b Rivers and streamlets.

3. Lake beach formation.

a Front beach.

b INIid beach.

c Back beach.

4. Lake formation

I. Marine formations.

Vegetation of the tidal area.

I . Algal formation.

Marine vegetation, as built up along the

shores of Vancouver Island, falls into two gen-

eral categories as indicated in the above synopsis.

Since it is not the province of this essay to deal

with the former of these two, it will merely be

alluded to in passing.

It is well known that this part of the west

coast of North America shows an unusual de-

velopment of forms belonging to the Rhodophy-

ceae and especially the Phacophyceae. Some of

the larger kelps like Nereocystis, Laminaria^

Alaria, Egregia, Lessonia, PterygopJiora, etc., not

only attain here great proportions but also occur



IPostelsta 13

in wonderful profusion. No attempt short of an

exhaustive treatise can give an adequate idea of

the multiplicity of types and the richness of the

al2;al flora of the west coast of Vancouver Island.

2. Eel grass formation.

This formation as known along the shores of

Vancouver Island is built up to a large extent

of so-called eel grass or PhyUospadix scoiileri.

It occurs in great abundance over the jagged

sandstone rocks exposed only at low tide, and in

most of the numerous tide pools along the shore.

Mixed with various species of algae it forms in

some places a distinct zone covering the rocks

(Plate I.). The zone varies in width with the

slant of the shore, for in no case is the plant

found in very deep w^ater. Where it occurs in

tide pools, it is found mostly in a fringe along

the edge and the long blades float upon the

water in such manner and quantities as to com-

pletely obscure the surface. The wanderer upon

the beach at low tide must pick his way with

care, for it is extremely difficult to tell whether

the eel grass lies upon a flat rock surface or is

spread out over some deep tide pool. In such
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pools which empty either only partly or else

almost entirely with the outgoing tide, the grass

is found attached both on the sides and at the

bottom.

The manner of seed distribution of a plant

which has adopted this habitat is one of con-

siderable interest. Growing as the plant does

in places sul^jected to heavy wave action and

surf, it has become necessary to devise a scheme

for holding the seed in place until the young

])lant lias anchored itself by its roots. It is af-

fected in the following manner. At the time of

maturity the uni-carpellate fruits are oblong

bodies with two emergences or projections to-

wards the base. As they are washed about on

the rocks, the softer outer tissue of these pro-

jections wears away so as to expose the harder,

inner portions in the form of two fish-hook-like

prongs. By means of these it is finally able to

grapple on to some algal holdfast or other likely

object, thus bringing the body to rest and per-

mitting the germinating seed to attach its rootlets

to the substratum.

Another representative of the eel grasses, but
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not growing in the Phyllospadix association, is

Zostera marina. It is found only in the sheltered

coves of the inner San Juan Harbor and in these

places it grows from a muddy or sandy bottom,

where its blades at high tide reach up through

the water somewhat after the fashion of Val-

lisneria spiralis. That it occurs to some extent

on the Washington side of the straits is shown

by the fact that not infrequently it is washed in

after heavy winds from that direction. It does

not grow in such great masses as Phyllospadix

scolderi.

II. Formations of the beach.

The area occupied by the beach formations

varies with the varying contour of the shore. In

some places the distance between wave-washed

rock and forest edge may be only a few meters,

with scattered crevice plants established upon

the narrow ground. In other places the inter-

vening space may be a hundred meters or more

wide, made up either of a sloping sand beach,

smooth in front but riddled with drift wood

towards the back, or formed of tilted strata

supporting a crevice flora of varying aspect, which
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is succeeded as the forest is approached by a well

established turf built up by a complex society

of plants. Within this area the greatest variety

of plant life of the region is to be met with, and

it is here that the sharpest struggle is carried on.

The two great factors, the forest and the sea,

maintain by common consent as it were, this

intervening skirmish place, each continually ex-

erting i)owerful intluences towards the other,

which, as they commingle and permeate, give

rise to a complexity of conditions made manifest

in a highly complex plant population. Of con-

ditions arising seaward and having a most direct

bearing u{)on plant distribution over this area,

are among others, ocean sprav, wind currents,

moisture, fogs and an ec^ualizing influence of

temperature. In like manner conditions arising

landward, such as drainage, .slope, texture and

nature of the soil or rock, and the almost end-

less complexity of conditions physical, chemical

and biological which the proximity of the forest

gives rise to, all aid in giving color to this ground.

The conditions here experienced although some-

what complex and many, still are uniform and
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constant. The forest, in a region where pre-

cipitation is uniform and large, is a stable or-

ganization. The sea with its tides, its currents,

and its winds in its great entirety is unchange-

able. Now and then some heavy storm may

pile the driftwood farther into some cove, or

sweep bare a projecting point, yet the main

tension line between the two is of comparatively

great stabilitv.

As shown in the preceding synopsis, the

vegetation of the sea strand is divided with re-

ference to the substratum, into two general

divisions of; a. vegetation of sandy beaches, and

b. vegetation of rockv beaches.

a. Vegetation of sandy beaches.

I . Sand beach formation.

a Large open beach.

h Small inlet beach.

Since the sand beaches vary considerably with

respect to size, slope and direction, it is natural

to expect that the plant formation upon them

will likewise vary. In some places the coves or

inlets may be wide and open towards the direct-

ion from which prevailing winds blow. In such
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cases the distance from the waters edge to the

forest is generally considerable and the gently

sloping beaches are mostly bare in front but

loaded with driftwood towards the back. If

the inlet is sheltered from the wind, the sand

beach is of less width, and driftwood is either

absent or found only in small quantities. Other

inlets are narrow and are simply openings of

small ravines or gullies. These are drainage

courses and frequently small streams find their

way through them to the sea. From the fact

that these streams drain from the humus-laden

forest soil, a greater complexity of plant life is

met with upon the sand beaches at the mouth of

these ravines than upon other kinds referred to

above. The humus contents of the soil is much

greater than that of the larger, more open

beaches, backed by no extensive natural drainage

course. It is quite evident that conditions

arising landward exert themselves more strongly

here because they are concentrated as it were,

into a smaller space. The result is the establish-

ment of a grou]j of plants numerous both as to

individuals and species and among which the

competition is sharp.
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a. Large open beach.

Along the front border of the large open

beaches, the association of plants almost un-

iversally met with is composed of the following

species :-

Juncus lescurii Argentina anserina grandis

Ammodenia major Trijolium heterodon

This region of the beach is subjected to

occasional flooding by high waves even in sum-

mer, and during the frequent winter storms

bears repeated inundation.

Farther back upon what might w^ell be termed

the driftwood area of the beach, the vegetation

consists of a mixed society of so-called weeds.

The seeds of these hardy plants at first carried

in by various agencies, have found lodgment in

the tangle of logs and debris and it is largely

through the aid of this barrier that a vigorous

association has been built up and flourishes.

The species most commonly established over

such an area are:-

Elymus mollis Chamaenerion angustijoliiim

Festuca jonesii Conioselinum gmelini

Bromits secalinus Galium aparine
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BroiJius paclficus Tanacetum huroneiise

A mm ode 111 (I Did jar Aster foliaceus

N'abiilits (licit lis Alia phut is subalpiiia

Son eh us asper

In very severe storms it may happen that

there is i^jrcat addition to, or a considerable

shifting of the (h^iftwood de})osit and when this

occurs, a readjustment of the society naturally

ensues. New conditions arise and a response to

these will show itself in new arrangements. The

beach at the head of San Juan Harbor is a com-

[)arati\ely wide sandy waste. Its slope is very

gradual and during high seas the waves wash

nearly up to the forest edge. Vegetation is

therefore extremely scanty and is confined to a

narrow strip of tlie l)ack beach where the most

typical plants are the following xerophytes:-

Aira caryopliyUa Carex maeroeephala

Deschampsia caespitosa Artemisia suksdorfii

b. Small inlet beach.

Upon the small sand beaches at the mouths

of ravines it is perhaps more difhcult to dif-

ferentiate between the front and back regions
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of the beach than is the case with those already

discussed although even there it must not be

understood that any sharp demarcation line can

be drawn. What mainly characterizes this type of

beach is not alone the profusion of vegetation

which they sustain but also the comparatively

large number of species associated, for in no

other habitat of the territory explored are so

many species found to a given area as here.

This mixed herbaceous society, as the as-

sociation may appropriately be called, for the

reason that no one particular species seems to

preponderate appreciably, contains a few vigor-

ous annuals, yet the majority of the plants are

strong biennials or perennials. The most com-

mon species of the society are:-

Elymiis glaliens Lathyrus maritimus

Elymus horcalis Vicia gigantea

Bromiis pacifictis Oenanthe sarmentosa

Bromiis sitchensis Hcradcum hinatiim

Carex cryptocarpa Stackys ciliatiis

Scirpns microcarpiis Scrophularia calijornica

Alsine brachypetala Galium vaillantii

This does not exhaust the list of plants which
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could be enumerated for this type of beach. It

is however representative and will serve to give

an idea of the composition of the society.

The interdependence and adjustments of

individuals to each other in an association is

shown by such |)lants as Alsiiic brachypetala and

Galium vaiUiUilii which, though largely shaded

by the taller weeds and grasses, grow profusely,

their weak stems finding ready support upon

the rank growth about them.

b. Vegetation of rocky beaches.

1 . Rock beach formation.

a. Exposed rocky beach.

By exposed rocky Ijcaches are meant those

that by their ]jroximity to the water are some-

times subjected to the dashing ocean spray and

occasionally to intermittent inundation by high

waves. They lie exposed to the light and re-

ceive the full force of the wind currents.

Upon this unpromising rock substratum

where hardly any soil finds lodgement are estab-

lished a group of hardy xerophytes. Plants of
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this character are not of general distribution in

the region because conditions for xerophytism

are offered only by the more or less perpendicular

rocky ledges and by the sharply tilted strata,

between the crevices of which the water passes

quickly downwards and out of reach. Among

these chasmophytes, more or less well differ-

entiated associations are to be made out.

Plantago society. This is made up prin-

cipally of Plantago maritlma (PL II.) although

Plantago major asiatica is occasionally

met with in this location. The thick narrow

leaves of Plantago maritima show the adaptation

of the plant to withstand dryness as well as the

impact of spray and strong winds. On slightly

less exposed places one meets with a gramineus

society. The few hardy species which figure

most prominently here are Hordeum boreale,

growing in considerable tufts in the crevices,

Festuca rubra haikalensis and Agrostis exarata.

Closely associated with these plants, and

growing under very similar conditions are

Potentllla villosa and Armeria vulgaris. All

these forms are able to maintain themselves in
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small dry crevices of the slate rock, and in spite

of the ])recari()us foothold flourish better than

fartlier l)ack where competition with other forms

is more sharp.

b. Protected rocky beaches.

These are of two ])rincipal kinds. First,

those protected by elevation and distance from

the sea and second, those i^rotected by project-

ing:; points or shelxes of rocks. The former is

characterized bv a more or less scantv depos-

ition of soil towards the front and by well estab-

lislied lurf towards the l)ack. ()n the patches

of soil and in the crevices where soil has ac-

cumulated is found a i^rouj) of ])lants which may

well Ije desiL^nated as a society of rock peren-

nials. The species abounding here are:-

Paiiiriiiii unci pliylluni Frai^aria chUocusis

Deschampsia cacspitosa Trijoliiim heterodon

AUium ccrniium Prunella vulgaris

Riniicx salicijolius Castilleja acuminata

Sagina occiilciitalis Achillea lanulosa

Aster joliaceiis

This association is succeeded in passing to-
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wards the forest by a turf building group of

plants constituting a gramineous-cyperaceous

society. It is composed chiefly of the typical

turf builders, grasses, sedges and rushes, which

by their rhizomes and roots bind and mat to-

gether the upper layers of the soil very firmly.

The soil even down to the underlying rocks

seems to be of purely organic origin as evinced

by its color and consistency. It holds a great

amount of moisture and in many places boggy

spots and even small pools occur. In such the

water is generally of a brownish color, due no

doubt to the presence of a great amount of

organic matter which is drained directly in from

the heavy mould of the adjoining forest. The

following species are generally found in this

grass-sedge society:—

Calamagrostis aleutica Junciis ejjusiis

Calamagrostls hyperborea Juncus halticus

Deschampsia caespitosa Juncus cnsijolius

Trisetiim nutkaensis Juncus falcatus alaskensis

Carex cryptocarpa Luziila comosa

Carex flava rectirostrata Tojieldia intermedia

Carex sitchensis Glaux maritima
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In the swampy places of the turf and along

the edges of the pools the following species are

fre(|uently met with:-

Triglochiii nuiritiuui Ifydastylus hrachypus

Eleocharis pdluslris Veronica anai^aUls-aqiiatica

Sisyn'ii(hiiti}i idahoeiisc Mimulus laiigsdorfii

Under the second dix'ision of protected

rocky Ijeaches, different conditions are met with.

These l)eaches are generally shaded either by

the projecting branches of adjoining trees or l^y

the tilting of the strata in such a way as to ex-

clude the direct rays of the sun. In a few places

there is a considerable layer of soil upon the

rocks, while in others there is hardly any; fre-

quently they are covered with a layer of moss.

(PI. III.). Here are found often in great pro-

fusion most of the following species :-

Adiantum pcdatum Sagiini occidentaHs

Polypudiuui scoiilcri
,

Ranunculus bongardii

Polypodium jalcatum Aquilcgia fonnosa

Montia sihcrica Tellima grandijiora

Montia parvijolia Heuchera micrantha

Veronica serpyUijolia

Polypodium jalcatum and Polypodium scuu-
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PLATE III.— Field of Adiantum pedatum.
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PLATE IV.— Field of Polypodium scouleri growing upon trunk of spruce.
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leri are sometimes met with in this habitat yet

they are more frequently found growing epiphyt-

ically on trees. (PL IV.)

IIT, Formations of the forest country.

;i. Vegetation of the transilion zone,

I . Salal formation.

Between the formations of the beacli already

considered and those of the forest proper, lies

a well differentiated zone of vegetation which

derives its distinctive marks from the strong

development in it of the salal or Gaiiltheria

shallon. Other shrubs and herl)s go to make

up its composition, yet the salal is the dominant

species and attains here in this transition area

between forest and beach its characteristic devel-

opment. The zone exhibits such uniformity and

continuity throughout that it is best c<.)nsidered

as a distinct formation.

x\long the outer edge of the salal, generally

in under the overhanging branches, are found a

few shade-loving plants which occur more typic-

ally, it seems, in the forest. Most frequent of

these are:-

Carex deu'eyana Unijoliiim hijoliiim dilatatum
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Boykinia data Trientalis curopaca arctica

L'ninaca horcalis

These are most abundant where consider-

able moisture is present in the soil. The salal

bushes along the edge are not as large and vig-

orous as those farther back since along the bor-

der of a formation or society are always to be

found the less ty])ically develo])ed ])lants. In

the middle region the salal assumes its character-

teristic growth and size (Pl.V.) and the in-

extricable tangle is here shown at its best. The

stems which do not grow upright, l)ranch freely

in all directions and these intertwine in every

conceivable way making passage through prac-

tically impossible. The matted manner of

growth which the plant assumes along the forest

edge is partly due to the fact that in this position

it is exposed to the full impact of the winds and

subjected to sea influences. Where it is not so

exposed it has a much more open growth as is

characteristically shown in well protected places

and where, as it enters the forest proper, it thins

out gradually. In this dense growth a few

plants which evidently are willing to accept the
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sharpest kind of competition have forced them-

selves in; only a few herbaceous forms appear :-

Epilolniim glaudiilositm Vicia gigaiitea

Elvmiis o-laitciis Boschniakia strohilacea

Sa niciila menziesii

BoscJuiiakia is a peculiar plant growing as a

parasite upon the roots of Gaiiltherla shallon\ it

will be referred to again under another heading.

The characteristic shrubby forms are:-

Rosa nutkana Rub us parvijiorus

Ruhus spectahilis Aruncus aruncus

Rubus ursinus Louieera involucrata

Well towards the back part of the formation

larger shrubs freciuently occur such as Malus

rivularis and Amdauchicv aluijoUa: here too one

meets with stunted forms of Pin us contort a.

b. Vegetation of the forest proper.

I - Coniferous forest formation.

This great formation of the region bears the

stamp of ages and through the signs of antic[uity

which it presents are seen the promise of future

endurance, except in so far as the advent of

white man upon the island may have far reach-

ing effects. The two great factors for the for-
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mation and perpetuation of forests, copious

rainfall and sufficiently high temperature, both

obtain on the west coast. The greatest density

is attained in the lower reaches of the river

valleys and along the lower slopes fronting the

sea. Towards the higher interior, the density

decreases. The same is also true of the low hills

around X'ictoria and from thence up the west

coast some 40-60 kilometers. In most places

of Renfrew district the forest stands yet in its

primeval grandeur, only here and there has the

woodsman's ax made imprints. The possibil-

ities of ravages by fire are well nigh precluded,

and the evidences of undisturl)ed growth through

long periods of time are everywhere apparent.

It is not an uncommon sight to find trees three

to five feet in diameter growing upon some fall-

en giant cedar of even greater dimensions, the

combined ages of the two undoubtedly encom-

passing many hundred years. A large number

of phenomena of this character observable in

these forests is to be ascribed to the great and

ever present amount of moisture and to the un-

iformity of temperature. Considering the for-
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mation according to its composition and after

the manner of its subdivisions we have first to

deal with

a Forest of low altitude front-

ing the sea (sea level to loom)

The width of this zone varies with the degree

of slope. In those places where the slope is

abrupt, conditions that characterize the higher

levels are sooner met with than where the rise is

gradual. Elevation is apparently of more im-

portance than distance from the sea. In shelter-

ed places like within San Juan Harbor where

wave action is not greatly felt, the forest ap-

proaches much nearer to the high tide mark

than along the exposed shores. For this reason

a great deal of the vegetation characteristic of

the rocky beaches is eliminated and one sees fre-

quently the branches of large trees reaching out

over the water. No one particular species of

tree seems to form the forest vanguard. Picca

sitchcjisis, Thuja plicata and Tsiiga heterophyUa

occur with about equal frequency, although in

some places the hemlock and cedar yield to the

spruce. When Alniis oregana occurs it is found
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almost invariably along the edge. It is seldom

met with in this region except as a border tree.

The fir, Abies amahilis, occurs frecjuently in the

lower forest belt, and then stands in more or less

exclusive grou|)s or patches separated from each

other l)y stretches of the more general forest.

Taxiis hrevijolia is occasionally found as a small

sized tree in the lower forest zone. Picea sit-

chciisis is the most abundant tree of the lower

elevations and seems to attain its typical develop-

ment in the immediate vicinity of the sea. Trees

with a diameter of 1-2.5 meters and 40-55 meters

in height are not uncommon. Thuja plicata

also reaches large proportion but is more typical

of the higher })laces where it occurs in greater

numbers and larger size.

SJintbby undergrowth.—Where the forest is

very dense as for example along the river val-

leys, there is not very much underbrush. On
the other liand where there is more space, typical

shrubs and underbrush occur abundantly (PI.

VL). This underbrush is made up chiefly of

the following :-

Mains rivularis Vaccinium ovalifolium
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PLATE VI.—Underbrush in the forest of lower altitudes.
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Menziesia urceolaria Ruhus spectahilis

Vacciuiuui parvijoliiim Gaiiltheria shaUon

Mains riviilaris occurs generally in the form

of a low shrub, 2-4 meters high, and in this form

is found mostly towards the edge of the forest or

in the salal zone. When, however, it appears in

the denser parts of the forest it frecjuently as-

sumes a liane like character of growth, its long

slender stems, often 10-15 meters, finding sup-

port on the branches of adjoining trees and

reaching upwards where they can obtain suf-

ficient light. When so growing the stems often

attain a greater diameter above than at the base.

Herbaceous undergrowth.—The rich humus-

laden soil of the forest supports a shade-

loving herbaceous vegetation which is quite char-

acteristic. Mosses and liverworts occur in great

profusion, covering logs and stumps and the

lower portions of the growing trees. Several

species of ferns are found in great abundance, of

which Lomaria spicant and Polystichum munitum

(PL VII.) are the most common. The

latter attains great size and beauty in the damp

deeply shaded places. Dryopteris spinnlosa and
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Asplcnium filix-foemina are generally found

along streams. Eqitisctum telmateia is of in-

frequent occurrence but attains large size, sterile

plants being observed measuring from 1-1.5

meters in height. Lysichiton camtschatceuse,

(PI. VII.) the only representative of the

Aracea? in this region with its enormously long

and broad leaves offers a marked contrast to

the other types of vegetation and seems much

out of place in a northern, coniferous forest. It

grows typically in cool, moist, deeply shaded

ravines. Lnziila cam pcstris occurs occasion-

ally along streams. Streptopiis amplexicaulis is

common throughout the belt but is most frequent

at the lower le\'els. Listcra cordata, though

somewhat rare, is found generally where the

forest is very dense and where there is less of

underbrush. Razouiuojskya tsiigcnsis, growing

as a parasite on the branches and stems of the

hemlock is most abundant in the low forest.

Raminculiis hougardii, Tiarclla trijoliata and

Boykinia data flourish on this forest floor where

little or no direct sunlight falls. The latter two

species are frequently found growing side by

side, usually upon banks of streams.
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b Forest of higrher altitudes.

(100-300 meters.)

It is not to be understood that there is any

sharp demarcation line or very natural division

between what here is designated as forests of low

and hio;h altitudes. The forest of the lower level

sjrades into that of the his/her and as these higher

levels are reached new conditions are met with

under which the forest assumes a different look.

The immediate effects of the ocean and the winds

blowing over it are not so strongly asserted, al-

though the subtler influences permeate even to

great distances. That less moisture reaches

these heights is well shown by the fact that

heavy clouds of mist hang very low, often only

half way up the slopes. That the moisture con-

tent of the soil is much less than below is self

evident. The forest becomes more open. There

are frequent small knolls or elevations which are

covered only by shrubs and underbrush. Again

swamps and Sphagnum bogs occur. The trees

which are characteristic of the forest below are

also to be found here but with altered rank,
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which, although it varies, is in general as follows:

Thuja plicata Tsiiga hetcrophyUa

Picea sitchcnsis Piiiiis monticola

and now and then Taxiis brevifolia

The typical underbrush is much like that

found nearer the sea, another species of Vac-

cinium, Vacciniiiui ovaliini, is found now and

then. U])on the more or less open knolls to-

gether with Vacciniums and Menziesias, small

and stunted trees of Thuja plicata and Tsuga

hetcrophyUa frequently appear. Lycopodiums

are met with on these ridsres. The herbaceous

undergrowth is rather scanty and consists only

of a few grasses and sedges together with Camus

canadensis and Lilium columhianum.

Interior bogs and swamps.—Swampy places

and Sphagnum bogs are of frequent occurence

in the forest. As a general rule they are not

large in size and sometimes the forest continues

uninterrupted over the swampy area. In other

places there are distinct openings or clearings

usually in the form of modified Sphagnum bogs

through which the forest is gradually encroach-

ing but has not been able to establish itself. It
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is very likely that these places were originally

typical Sphagnum bogs and that gradually

through the ages as they build themselves up

higher and became drier other plants wandered

in until the present complex has been built up.

Besides the various species of Sphagnum and

other mosses, one finds here turf building types

like Agrostis aequivalvis, Carcx livida, Carex

sitchensis, Carex sterilis cephalantha, Carex

howellii, Carex pauciflora, Eriophorum poly-

stachyon, Scirpus caespitosus, Rynchospora alba,

J line us paiicieapitatns, Juncus ejjiisiis. A num-

ber of heaths occur typically in these places such

as Kalmia glauca, Ledum groenlandicum, and

Oxycoccus palustris. With them are generally

associated Empetrum nigrum and Myrica gale.

Particularly frequent are Drosera rotundifolia,

Gentiana douglasiana, Hypericum anagalloides,

Sanguisorha media, Limnorchis stricta and Lim-

norchis graminijoUa. Of herbaceous species

which are of less universal distribution one meets

with,

Copt is asplenijolia Eauria crista-galli

Plantago macrocarpum Apargidium horeale
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Along the border of these forest openings is

generally a zone of low, bushy, in many cases

stunted looking trees of Thuja pUcata and Tsuga

heterophylln. Now and then one encounters a

peculiar adaptation of Finns contorta to such a

habitat. When this species occurs in these mod-

ified bogs it is generally found fringing the edge,

altliough sometimes it has succeeded in estab-

lishing itself well out in the open. In either

case, the tree does not attain any considerable

height, (3-8 meters) and grows apparently very

slowly. In appearance it offers a peculiar con-

trast to the other trees around as the branches

are all clustered in a palm like crown at the top

(PI. XII.). Frequently one observes here the

phenomenon of old cones adhering far down on

the main stem. 7'hese have evidently been pro-

duced on adventitious shoot.

c Forest of the river valleys.

Under the conditions which these natural

drainage courses call forth, the vegetation shows

itself in a somewhat different aspect from that

developed at similar altitudes but in closer prox-

imitv to the sea.
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Both the San Juan and Gordon rivers find

outlet into San Juan harbor about 3-4 kilo-

meters apart. The former stream through al-

luvial deposits and the formation of an extensive

sand bar at its mouth has shifted its outflow

from its one time channel so that at low tide it

flows into the Gordon a short distance above the

mouth of the latter. Between the original out-

let of the San Juan and the place where they at

present both reach the harbor, there has been built

up a considerable alluvial plain which now sup-

ports a very heavy forest mostly of spruce but

with scattered trees of cedar and of hemlock.

The Gordon river valley widens out slightly

in its lower part. The heavy timber of the slopes

reaches down to the edge of the channel, except

near the mouth of the river where narrow strips

of meadow land arc found on either side. Again

the typical forest trees are Picea sitchensis,

Thuja plicata, Tsui^a hcterophylla, and Abies

amahilis. Here Pseudotsuga Douglasii is oc-

casionally met with even in the lower reaches of

the valley, and along the river bank occur Acer

macrophyllum as well as one or two species of
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Salix. The forest in the valley is built on a

magnificent scale. The trees stand close and

straight, often within arms length of each other,

and frequently tower 60-90 meters in the air.

Shrubby forest undergrowth—The shrubby

undergrowth does not play an important part in

the general constitution of the forest, since it does

not reach any degree of density except close

towards and along the ])anks of the river. There

it is largely made u]) of the following species:

Rubus spcclabilis Vaccinium ovalijolium

Rosa gyuDiocarpa Sambucus liosperma

Gaulthcria sJialloii Symphoricarpos occidentalis

Vaccinium parvijolium Fatsia horrida

The last named species, familiarly known as

"Devils Club", occurs mostly along gullies and

banks of streams.

Herbaceous undergrowth—The herbaceous

llora although not numbering many species, is

nevertheless characteristic and very profuse ex-

cept where the densest shadow prevails. The

species abounding almost throughout are:

Polystichum munitum Achlys triphylla

Lomaria spicant Tolmiea menziesii
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Adiantum pedatiim Tiarella trifoliata

Erythronitnn graiidiflorum Viola glabella

TrillUim grandiflonini Circcca alpina

Dlsporiim mcnzicsii Neivhcrrya congcsta

TraiUvetteria grandis Monotropa hypopytis

Somewhat different vegetation relations from

those observed in the general valley are to be

met with on ]Mt. Edinburgh which lies in this

immediate region. Aside from differences due to

much higher elevation (the mountain attains an

altitude of 1000 meters) profound modifications

of the original conditions have been brought

about through disturbances by fire. At the base

of the mountain much the same type of forest is

to be observed which is characteristic of the rest

of the valley. Giant specimens of Pseudotsuga-

taxifolia are common at elevations up to 150

meters or thereabouts.

That a magnificent forest once clothed the

mountain to its very summit is shown by the

still standing charred stems and the fallen and

burnt debris. To account for the fire which

swept the upper slopes and summit is difiicult

in the face of climatic conditions obtaining dur-
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ing the years 1901 and 1902. During these

summers no fire could ever have gained foothold

or made progress. Only by supposing a remark-

able reversion of climatic conditions and a "dry

spell" of unusual length can a forest fire in this

immediate region be explained. Some time was

spent in exploring the river side of the mountain

and in futile attem])ts to reach its summit. The

whole burnt over area is one inextricable tangle

of brambles and criss-crossed logs which make

progress up the slo]:)es extremely difficult and

dangerous. The j)rimeval aspect is here com-

pletely destroyed and the characteristic signs of

age are gone.

'J1ie i,u"ocess of re-populati(jn is rapidly going

on, and in much the same fashion to be observed

in any burnt over region. In this waste the

predominating plants are:

Riibus spcclcibilis Chamacncrion angustijoUiim

Riibiis parvijJonis EpUohiiiui i^hiiidulosum

Rub us ursiinis Galium trijloruni

Seedlings of Picca sitchcnsis, Tsuga hetero-

pliylhi, and Thuja plicata are struggling for a

place in the tangle.
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At the higher elevations along the base of

rocky ledges and in large crevices where there is

enough soil to yield a foothold, the plants oc-

curing most frequently are:

Polypodium falcatuni AcJilys triphylla

Asplenium trichoma 11 es Tiarella trijoliata

Berheris nervosa Trientalis latijolia

Mosses and lichens occur in considerable

quantities upon the rocky ledges and shelves.

San Juan A^allcv. The vegetation of the two

valleys differs only in smaller details. This finds

its explanation in the slope and trend of the

valley and in the nature of the soil. The fall

of the river in the same distance is not as great

as that of the Gordon and one finds often along

the banks small grassy meadows and forest open-

ings, especially in the lower portions where there

is considerable alluvial deposit. Farther up the

valley are frequent evidences of moraines and

although the surface soil is made up of decaying

vegetation as everywhere else in the region, the

subsoil is a moraine deposit and dissimilar con-

ditions are therefore experienced.

The direction of the harbor and the valley
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beyond being the same, it allows the strong

winds from the straits to sweep unimpeded up

through the valley. This accounts in a large

measure for the somewhat different general as-

pect of the vegetation in the lower portions at

least. On some ot the slight elevations and

points of ])rojecting sidehills, the trees have been

blown down in ])laces. In these openings, the

shrubby undergrowth assumes much the same

character as at the forest edge, and the herb-

aceous forms with the admittance of more light

find o])])ortunity for greater development. No-

where, however, are such stately trees S( en in

such proximity to the harbor as in the Gordon

valley. The s])ruce, Picca sitrJicusis, is by far

the most abundant tree, but not being closely

crowded by other tall-growing forms like Thuja,

Tsiii^a, and Pseudotsui^a it generally becomes

much branched, and although of large diameter

never attains great height. As the valley is as-

cended, the spruce loses its predominance and

is largely supplanted by the cedar and the hem-

lock. Tsuga hetcrophylla in many places occurs

in beautiful stands almost to the exclusion of all
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ether kinds of trees. In the portion of the val-

ley traversed, Abies and Pseudotsuga were less

often met with than along the Gordon river

watershed. Acer macrophyUum and Alniis

oregana appear more frequently along the banks

of this stream than along the other and occasion-

ally trees of Populus deltoides and Salix lasiandra

are seen.

With distance, the windfalls characteristic of

the lower valley, disappear, and the shrubby

undergrowth assumes the same tone and is of

the same composition as that which we have

learned to know for the other valley. The

herbaceous undergrowth, because of the general

less dense nature of the forest, is more profuse.

In point of species, there is not much difference

and naturally many of these are common to both

places. The following species form the main

bulk of this herbaceous forest undergrowth:

Polystichiim munitum Asplenium filix joemina

Lomaria spicant Dryopteris spimilosa

Deschampsia caespitosa Poa elata

Agrostis aleutica Carex laeviculmis

J uncus paucicapitatus Alsine crispa
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Tiardla trijoUata Boykniia data

Tolmica mcnzicsii Mitdla ovalis

Viola glabella Mojicscs uuijJora

Miniiilus moschatus Galium tvijJonim

2. River bed formation

a Banks and Channel.

Gordon River Bed— Durinof the summer

months, the volume of the river decreases to

such an extent as to leave exposed the banks

from where the forest and its underbrush ceases,

and also a considerable extent of the boulder-

strewn channel bed. Two types of river banks

can be distinguished here, viz; moist sandy

banks and moist rocky banks. Both kinds are

more or less shaded by the overhanging branches

of the adjacent trees, yet it is self evident that

much more light is admitted here than into the

forest of the slopes on either side.

Upon the sandy banks are associated a few

species, no one of which figures predominantly

and all growing more or less scattered or in

tufts. In this scanty society are most gener-

allv to be observed:
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Bromus vulgaris Anemone lyallii

Jnnciis jalcatiis Lathyrus nuttallii

Stenanthiiim occidentale Adenocaulon hlcolor

Valeriana sitchensis

In the part of the valley designated the gorge,

the river flows between high rocky banks. In

many places these are quite bare and smooth,

while in others there are rifts and crevices in

which soil has found lodgement. The water

draining from the slopes beyond over these

banks keep them continually moist and here a

few hydrophytes flourish, most frequent of

which are:

Paruassia fimhriata Pingulciihi vulgaris

Chelone uemorosa Campamila petiolata

Where the banks are high and well shaded

they are frecjuently moss covered, and in this

mossy covering one often meets with a pecu-

liar form of SelagineUa rupestris. As is well

known this species is found typically upon dry,

exposed generally sandy rocks and grows in

tufts. The form occuring along the Gordon

river is loose, has long, slender stems and

branches and twines among the moist moss.
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CJuiiincl bed— Amonjjj the boulders of the

river channel and in the hollows and crevices of

the large rocks a few hardy types have gained a

foothold . A few of these are perennials and as

such must Ijear the yearly winter inundation.

The forms most commonly noted in this habi-

tat are:

Hcuchcra a^ldbni CJadothanuius pyrolijlorus

Mold sp. Erigci'oii philadclphiciis

Chamcenerioji hitijoHuui Lu'nia hypoleuca

A riiicd diitplcxicdiilis

In no instance do these plants become closely

associated into groups or societies but occur

thinlv and scattered wliere enough soil is present

to sustain them. Clddolhduinus pyrolifloriis

grows as a small slirub less than a meter high,

upon the large rocks in the channel and also

upon the rocky banks of the river. Chdiiiac-

iicrioii IdlijoIiitiJi, Erigcroii philddclphiciis and

Aniicd dmplexicaiilis grow in sand upon the

boulder strewn channel bottom:.

Sdu JitdJi river bed-—Owing to the fact that

the descent in this valley is more gradual, typical

mud banks are found along the river sides.
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Sparganiums, grasses and rushes are commonly

found along these.

In many places, strips of meadow land are

found on either side of the stream, the com-

position of which merits no special elucidation.

b Rivers and Streamlets—The two rivers

which enter into consideration, the Gordon and

the San Juan, are streams of considerable vol-

ume. The former is swift, falling 50 meters in the

last 12 kilometers. Its waters are of unusual

clearness and of low temperature. These factors

are responsible for the fact that no higher plant

life is developed in it, at least not throughout

the extent explored.

The San Juan on the other hand especially

in its lower reaches is a much slower flowing

stream. Along it are found occasional sloughs

and in these various aquatics like Fojitiiialis,

Sparganhim, Nymphcca and Callitriche are de-

veloped.

There are a large number of streams in the

region, most of which are small brooks that find

a rapid descent through the numerous gullies

of the forest into the adjoining sea. Under
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these conditions no extensive development of

hijj^her forms of vegetation is to be looked for in

their clear, cold waters. Aside from various

species of algae, only a few Bryophytes like

Hypunui and Foiiliiutlis are of general occur-

rence. In occasional pools, Callitrichv palustris

is met witli.

3. Lake beach formation

Vancouver Island i)ossesses a number of lakes

the largest of which is Cowichan with over 20

miles of water expanse. Most of the lakes,

however, are of the character of mountain tarns.

Of those Iving in Renfrew district, only I>ake

San Juan was \isited and the vegetation in and

around it studied. This is a small body of

water situated a few miles inland and off to one

side of the valley bearing the same name. The

lake is almost completelv surrounded by high

hills, its waters finding outlet into San Juan

river through a narrow rift in the surrounding

barrier. Its level above sea was not definitely

ascertained but a rough estimate would place it

at between 10 and 15 meters. One meets here

with the peculiar condition of a far northern
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lake whose shore line is never subjected to ice

disturbance and a low beach flora which does

not have to bear the incessant impact of surf or

strong winds, for so effectively hemmed in is the

lake by the high and heavily timbered slopes

that strong and lasting wind currents of prevail-

ins: direction do not obtain. Furthermore the

expanse of water is not great enough to allow

the shifting air currents that reach the lake to

develop any surf action on this or that shore.

The lake is fed by one fair sized stream and by

a number of brooklets from the surrounding

hills. The per cent of organic matter in its

waters is necessarily comparatively large.

With regard to the topography and structure

of the beach onlv a few words will be set down.

For some distance along one end of the lake,

the slope drops off rather suddenly in rocky

ledges and here the beach is only a few meters

wide. In front of gullies or ravines, the filling

in has been greater and a wider beach is the

result. On the side where the main stream that

feeds the lake flows in, a considerable stream

delta has been formed. The leach here is large-
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Iv built up of sand and has a width of many

meters (15-50 meters). Along the places where

there are no natural drainage courses like those

mentioned above, the building up of the breach

has been more uniform and gradual and is

formed by loam deposits carried down from the

surrounding slopes by the washings of countless

rains and also by decay of the vegetation that

the beach su])p()rts. The soil therefore is large-

Iv of organic nature, of very dark color and of

fine consistency. A grouping of the vegetation

societies such as has loeen emj^loyed by various

American writers on lake strand vegetation

seems a])i)licable here, according to which we

consider first the front beach.

a Front beach

Eqitisetum jJiiviatile society—This society ex-

hibits regular zonal distribution along the

beaches where there is no considerable propor-

tion of sand in the soil. It is therefore inter-

rupted by the stream inlets. The society ex-

tends even out into the water but since it seems

to attain its typical development just above the

water line, it is classed as a part of the beach
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formation. Towards the front, it is made up

almost entirely of Eqitlsctum fliiviatile and

Equisctiim fliiviatile polystachyon. Farther back

in some places Hippiirits vulgaris and Veronica

scutellata are also met with.

Jtin C7is-Ranunculus society—This occurs on

sandy front beach and extends from the water's

edge back for only a short distance. It is made

up of J uncus paucicapitatus and Ranunculus

intermedius. The former in this situation has a

different habit of growth from that which it as-

sumes when growing in swampy places in the

forest, where it is frequent. Upon the beach the

plant is more or less spreading or prostrate and

the inflorescence is considerably branched. In

the forest on the other hand it grows more erect

with much longer stems and inflorescence less

branched. The other constituent of this society-

Ranunculus in termedius-hsis a creeping habit of

growth. Stems several decimeters in length are

found creeping along and frequently striking root

into the sandy soil. As far as my observations

go these two prostrate types are the only tenants

of the front sandy beach. They both grow only
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at slight elevation above the lake level.

b. INIid beach.

Within this zonal region of the beach, the

lakeward and shoreward influences meet and

commingle in such a way as to call forth the

greatest complexity of conditions. As the forest

is a])proaclied the influences of the lake decrease,

and in like manner as the \\ater is neared so

those of the forest become of less weight. The

optimum is therefore established somewhere in

the middle zone. Besides the transitions in the

societies undergone in ])assing from the front

towards the back, one also notes changes in the

longitudinal direction of the strand like those of

the front beach in passing from low and mucky,

to raised sandy beach and stream delta. This

longitudinal transition results in the division of

the midstrand vegetation into societies more or

less distinct and conditioned by the soil com-

position. The sandy beaches show a greater

variety of species than the low humus ones, but

fewer individuals in a given area. This is

largely due to the fact that there are more typ-

ical turf builders, sedges and the like, found
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growing in the latter habitat. Along the humus

shores the mid beach area is largely tenanted by

a Carcx-Conianim society, which lakeward passes

into the Hippiiris-Eqiiisctum front strand com-

plex already spoken of The characteristic

plants of the society are various species of

Carex such as:

Carex howellii Carex sitchcnsis

Carcx exsiccata Elcocharis palustris

In some places occur scattered examples of

Veronica sciitellata. Comarum paliistre is found

in considerable quantities among the sedges

throughout, but reaches apparently its fullest

development well toward the back.

Upon the sandy beaches and stream deltas

of the mid beach region is established a some-

what complex herbaceous society of mostly per-

ennial types. The composition varies but the

most characteristic plants are:

Agrosfis attenuata Lycopus communis

Agrostis exarata Bromus vulgaris

Elymiis ciliatus Oenanthe sarmentosa

Carex decidua Galium trifid urn pacificum

This group does not exhibit signs of stability.
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This is especially to l^e observed upon stream

deltas for the uneven stream deposits and the

changing contour of these bars do not permit

the various inhabitants to establish themselves

with permanency. Where on the other hand,

the beach does not undergo comparatively rapid

changes, vegetation is not of such transient char-

acter and here too less hardy forms are able to

compete for tlie ground and maintain them-

selves with varying success. The group as a

whole is of more or less open growth. The

various species of grasses enumerated grow^ in

scattered tufts and do not build up a character-

istic turf. The struggle here is not so much of

species against s])ecies as that of the entire

society against adverse edaphic conditions.

That the different representatives share much

alike in this fate is showm by the fact that no

one species preponderates in any marked degree

over the others.

c Back beach.

This zone at Lake San Juan can be separat-

ed, according to present topographic conditions,

into a rocky and a non-rocky region. The char-
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acteristic rocky back beach is found only along

one end of the lake. At the rate which this

body of water is filling in, it is only a question

of time when the three zones shall have been

pushed so far out that what is now the back

beach zone shall have yielded its place to the

invading forest. The present tenants of the

rocky ledges may be able to maintain their foot-

hold even after the forest has become estab-

lished in front, yet new conditions of light and

illumination will eventually tend to bring about

a change. The plants dwelling upon this type

of rocky beach constitute a Rosaceous shrub

society, of which the principal species are:

Spiraea mcnzicsii Riihus spectabilis

Rub us pari'ijiorus NeiUla capitata

Together with these occur Vaccinium par-

vijoliiim and a few herbaceous forms like Po/y-

stichiim munitum, Adiautum pedatum, etc.

In the non-rocky back beach, there are re-

gions which correspond to those of the mid and

front beaches with reference to elevation and

soil composition. Along the sandier, elevated

portion the composition is slightly more diver-
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sified than in the other places. The forest fring-

ing zone is here made up mostly of the following

shrubby types: Riibus spcctabilis, Corniis nut-

tallii, Salix silchciisis, together with a few her-

baceous species like Elymiis cilialiis, Cardamine

angulala, V iola ij^labcUa, and Washingtonia divar-

icata.

The remaining part of the backstrand ex-

hil)its general uniformity in its composition and

is the least complex of all. Two species of wil-

low predominate, Salix sitchcnsis and Sulix

lasiiuidra. The species of Carcx observed in the

mid strand societies force themselves in among

the willows here and there but not in any con-

siderable numbers.

The whole back strand zone in its main

characteristics is a complex of shrubby forms.

Herbaceous annuals and perennials occur but

nowhere in such groui)ings or abundance as to

materially change the tone. The zone passes

almost directly into the typical forest of the sur-

rounding hills and slopes. In natural groups or

societies of vegetation there are no sharp lines of

demarcation; one grades into another. Between
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some the transition is not as gradual as l^etween

others, and this fact is observable upon the

shores of Lake San Juan. Towards the front

the transitions are gradual. In the backstrand

there is a sharp passing over from the fringe of

willows to the wall of tall, coniferous trees of the

forest proper.

The whole beach formation is however a

plastic one. The different societies and groups

are in a state of migration. The successive

zones are continually, though slowly, moving

lakeward as the filling in process goes on, each

in turn by degrees coming to occupy the place

once tenanted by other forms, all leaving their

decaying generations behind, changing, building

up and preparing the soil for the permanent

occupation by the forest which is here the last

link in the chain.

4. Lake formation.

The hydrophytic types which are here de-

veloped show much the same disposition of their

various societies which is characteristic of more

northern fresh water lakes. Not taking algal

vegetation into consideration and beginning far-
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thest out in the lake working shoreward one

meets first with a zonally arranged society of

Myriophylliun spicatum -.-This zone varies in

width and is not continuous. Its usual depth is

from 1-3 meters. Frequently in certain places

of this society are found scattered plants of

Nymph ecu polysc pala.

The next zone shoreward is formed by a Po-

tamogcton society. This is principally composed

of Potamogeton naldus and Potamogeton piisilhis.

In some of tlie small bays or inlets along the

shore this zone attains a com])aratively large

width. Along ])rojccting ]K)ints on the other hand

it frequently narrows down very much and often

becomes discontinuous. Potamogeton natans is

bv far the largest element in this zone.

Of a still more interrupted character is a

society that shoreward succeeds the one just

mentioned and which is built up principally of

Nymphaa polysepala. It develops typically in

the bays or behind projecting spits of land. As a

a rule the plant occurs in dense patches where

often the large heart shaped floating leaves crowd

so close together as nearly to obscure the surface
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of the water. The depth at which it is anchored

varies from 1-2 meters as a general rule. It

seems to prefer a bottom of fine silt or mud where

the proportion of sand is not considerable.

Under these limiting conditions there are only a

few places along the shore of the lake where it

has been able to gain sufficient foothold to build

up a characteristic society.

Other aquatic representatives occur but spar-

ingly. At the time of the year when the place

was visited only two other species were observed

growing in the lake. These were CaUitriche

paliistris and Sparganium minimum. They are

found at intervals along shore, generally in shal-

low water, and do not seem to show any strong

preference as to the nature of the bottom. No-

where do they develop in any considerable

quantity and must be regarded as outposts of

the general lake flora.

Special adaptations—In forests of such high

latitudes as that of Vancouver Island epiphy-

tism is generally confined to the lower plants

like lichens, liverworts and mosses. The last

two groups are particularly abundant in the
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region under discussion. Not only are dead

logs, branches, the lower portion of trees etc.

covered with a layer of the bryophytic types,

but frequently large masses of moss perch high

up towards the tops of trees (PI. VIII.) or hang

in long festoons from the branches. The forest

lloor is car])eted in most ])laces with a layer of

Marchanlias, Juiigenininiiids and allied forms.

The great amount of moisture however makes

it possible for ])lants higher in the scale of devel-

opment than Bryojjhytes to adopt the epiphytic

mode of life. A characteristic epiphyte of the

region is l\)lypodium jalcaiuin. This fern is

almost invariably found growing upon the stems

and lov\-er branches of Alniis orci^ajni, in the

mossy covering of wliich the creeping rhizomes

find anchorage. Other ferns like Polystichiim

munitum and Lomaria spicuiit are occasionally

found upon moss covered branches of large trees

and in the old "Hexenbesen" of the hemlock. Not

infrequently one finds Vacciniiims and Menzies-

ias flourishing high up in some giant cedar or

spruce (PI. IX.), the demands for nourishment

of these small shrubs not being greater than the
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PLATE VIII —Epiphytic moss vegetation on spruce.
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PLATE IX.—Thuja plicata with epiphytic Menzieseas and Vacciniums.
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Plate XI.— Hemlock forest showing trees with "Hexenbesen'





IPostelsia 85

moss laden crotches and branches can furnish.

The ultimate fate of the countless seedlings of

spruce, cedar and hemlock which one finds in

this peculiar habitat and upon fallen trees is,

however, in most cases different. They quickly

outgrow the possibilities of their substratum and

die. Now and then an individual by chance

circumvents the impending fate in a manner

which would be impossible in a climate less

rainy than this.

In Plate X. is shown an example of how^ a

seedling cedar from such an airy position has

succeeded in juggling its young roots, evidently

along the decaying branches of its host into the

ground and has grown into a large tree, still

holding between its massive roots, or more cor-

rectly its bifurcated stem, the decaying spruce

log. Frequently seeds lodge upon high stumps

from which elevated position the roots of the

growing young trees reach down and into the

soil. As the stump decays and falls away, it

leaves the tree standing as it were on stilts.

Parasitism— It is not the intention under

this head to discuss the numerous aspects of
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fungal life which the region presents, but only

the occurrence and adaptation of a few parasitic

or semiparasitic, flowering plants. The most

characteristic and most common of these is the

"Hexenbesen-forming" mistletoe of the hemlock.

Wherever the west coast hemlock, Tsuga heter-

ophylla, occurs it is fre(|uently infested in patches

by the parasitic plant Razoiiuiojskya tsugciisis. It

occurs sometimes upon the main stem of the

tree and in such cases generally destroys the

timber value, l)Ut mostly upon the twigs and

branches. Whatever part of the tree is attacked

the result is alike apparent in an increase in

thickness of the infested portion and a great

proliferation and branching resulting in the char-

acteristic faciations known as "Hexenbesen"

(PI. XL). After a number of years there be-

gins to gather debris and moss in the "Hexenbe-

sen" with the result that the parasite finally dies

out. The damage however is done to the branch

and it is only a question of time before it dies

and rots.

The method of seed distribution among this

group of plants is so well known as to merit only
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passing comment here. The seeds at the time

of maturity are covered with a mucilaginous

substance. The bursting fruit shoots out the

seed with considerable force and as the flying

missile strikes a branch it adheres and is held in

place. When such a seed, stuck on to a young

hemlock branch, germinates, the young seedling

finds the substratum it wants and c^uickly estab-

lishes itself. Where the hemlock forms a large

element of the forest composition, there the ad-

vent of the parasite is especially dangerous, since

the trees stand in such close proximity to each

other as to facilitate the transfer of seeds from

one to the other. The other coniferous trees

of the region seem to be immune against this

mistletoe, for is was never observed upon any

other host than the hemlock.

Another plant, a representative of the Oro-

banchaceae, which shows a peculiar parasitic

habit, is Boschniakia strobilacea. This is of

frequent occurrence in most places where the

salal, Gatiltheria shallou, abounds, for it grows

as a parasite upon the roots of this shrub.

It produces peculiar bulb-like almost spherical



88 p 5 t e I s i a

growths 2-6 centimeters in diameter upon

the roots of its host, and from these the

pkmt rises. The portion above ground varies

from about 6-i6 centimeters and is closely cover-

ed with brownish colored scale leaves or bracts

which give the plant much the appearance of an

old spruce cone struck base end into the ground.

Almost the entire visible portion of the plant is

inflorescence, a flower standing in the axil of

each of the brown scale leaves. At maturity the

comparatively large capsular fruits crowd close

one upon each other over the entire flowering

axis. The parasite appears to be most common

where the host jjlant is found growing over steep

slopes or embankments. In such position the

roots of the salal are more easily reached and

therefore the parasitism more readily established

than where a thicker and firmer layer of soil has

to be penetrated.

Saprophytism—Where there is such an

abundance of decaving vegetable matter and

where the soil is so largely humus as it is in the

forests of this region, one would reasonably ex-

pect to meet frequently with the phenomenon of
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saprophytic adaptation. The contrary however

is experienced. Of the group of holosaprophytic

plants only two representatives were found and

even these of very infrequent occurence. Mono-

tropa hypopitys was met with in the valley of the

Gordon and Newherrya congesta on the wooded

slope back of San Juan harbor.

Of hemisaprophytic plants, which in north-

ern forest are generally represented by many

Pyrola species, only Aloneses nuiflnra was found.

It too occurs infrequently.

Statistics and Summary.

To aid in the composition and distribution

of the plant population of the region as set forth

in the preceding pages, the following catalogue

and statistics are set down. The list includes

only those Pteridophytic and Spermatophytic

plants w^hich have come under the observation

of the writer and does not claim to be fully

exhaustive and complete for the reason that in

vestigation covers only a period of the year.

Further field work both earlier and later in the

season would undoubtedlv add a few more
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species but not enough however to alter or affect

the various groupings as brought out.

PTERIDOPHYTA
POLYPODIACE.E

PoT.vsTicHUM MUNITUM (Kaulf.) Undcrw. In

the sliady forest throughout. July 9- R-

and B. lo:;.

Cystoftekis FR.\(;iLis (L.) Bernh. vSchrad.

Neues. Journ. Bot. i: part 2. 27 1806.

Mt. Edinburgh, Aug. 1905. F. K. Butters

Dryopteris spinulosa (Retz) Kuntze Rev.

Gen. PI. 813. 1891. Common along banks

of streams in the forest. July 9, 1901. R.

and B. 102.

AsPLENiUM FiLix-FOEMiNA (L.) Bernh ; Schrad.

Neues Journ. Bot. i : 26. Same habitat as

the preceding. July 9. R. and B. 106

Phegopteris dryopteris (L.) Fee, Gen. Fil.

243.1850-52. Bugaboo Mine; Mt. Edinburgh,

Aug. 1904-05. F. K. Butters.

ASPLENIUM TRICHOMANES L. Sp. PI. 1080. 1 753-
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Frequent in rock crevices on ]Mt. Edinburgh.

July 31. R. 852.

Adiantum pedatum L. Sp. PI. 1095. 1753.

Common throughout. July 7. R. and B. 90.

Cryptogamma acrostichoides R. Br. App.

Frankl. Journ. 767. 1823. ]Mt. Edinburgh,

Aug. 1904. F. K. Butters.

Pteris aquilina lanuginosa Bong. Veg.

Sitch. 176. 1833. Growing abundantly along

the forest edge. July 13. R. and. B. 128.

PoLYPODiUM FALCATUM Kcllogg. Growing in-

frequently on rocks, occurs mostly as an

epiphyte upon the stem and branches of

Alnus oregana.

PoLYPODiUM scouLERi Hook. and Grev. Hook

Ic. Fil. i: 56. 1829-1831. In crevices on the

rocky beaches, mostly in exposed places.

June 25. R. and. B. 42

LoMARiA SPICANT Desv. Newman Hist, of Brit.

Ferns 89: 1844. Common throughout in

the shady forest. July 7. R. and B. 89.

equisetace.f:

Equisetum fluviatile L. Sp. PI. 1062. 1753.



92 IPostelsia

Growing abundantly on the shores of lake

San Juan. July 22. R. 807.

Equisetum fluviatile polystachyon Bruck.

wSame habitat as the species. Aug. 7.

R. 887.

Equisetum TELMATEiA Ehrh. Beitr. 2: 159, 1788.

Common on rocky banks and in the forest.

Only sterile plants noted at the time

LYCOPODIACE.^
Lycopodium clavatum L. Sp. PI. iioi. 1753.

On less densely wooded knolls of the upper

forest, July 19, 31. R. 783. 844.

Lycopodium selago L. Sp. PI. 1102. 1753.

Gordon River \'alley. Aug. 8. 1905. F. K.

Butters.

SELAGINELLACE^
Selaginella rupestris (L.) Spring, in Mart.

Fl. Bras, i: Part 2. 118. 1840. On moist

moss covered rocks along the Gordon river.

July 31. R. 864.

GYMNOSPERM/E
pinace.f:

PiNUS CONTORTA Dougl. in Loudon Arb. Brit.
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4: 2292, 1838. Along the edge of the forest.

Occasionally in Sphagnum bogs. June 25.

R. and. B. 44.

PiNUS MONTicoLA D. Don. Lamb. Pinus. 3:

1837. Common in the higher forest. July 13

R. and B. 135.

PiCEA siTCHENSis (Bong.) Carriere, Traite

Comf. 260. 1855. Most common tree in the

low forest. Aug. 14. R. 933.

TsuGA HETEROPHYLLA Sarg. Sylva N. Am.

Common forest tree throughout. Aug. 13.

R. 926.

TsuGA PATTONiANA (A. Murray) Seneclauze,

Conif. 21. 1867. Mt. Edinburgh, Aug. 1904.

F. K. Butters.

PsEUDOTSUGA TAXiFOLiA (Lambert) Britton,

Trans. N. Y. Acad. Sci. 74. 1889. Frequent

in the Gordon River Valley.

Abies amabilis (Loud.) Forb. Pinetum Wob.

125, pi. 44. 1839. Common in the low forest.

Aug. 15. R. 934.

Thuja plicata D. Don. Cat. Hort. Cantab, ed.

6. 249. 181 1. Most important timber tree

of the region, reaching its greatest develop-
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ment between sea level and 200 meters.

Aug. II. R. 904.

Chamaecyparis nootkatensis Spach. Hist.

Vcg. 9. T,T,T,. 1842. ]Mt. Edinburgh and

Gordon River A\illcy. F. K. Butters.

TAXACE^
Taxus erevifolia Nutt. Sylva 3: 86. 1849.

Infre(|uent througliout the region. Aug. i.

R. 831.

ANGIOSPERM/E
SPARGANIACE^

Sparganium axdrocladum (Engelm.) Morong.

Bulb Torrey Bot. Club. 15: 78. 1888.

Shores of Lake San Juan and banks of San

Juan river. .\ug. 7. R. 886.

Sparganium minimum Fries. Summa Veg. Scand.

68:560. 1846-1849. In Lake San Juan. Aug.

7. R. 880.

POTAMOGETOXACE.E
POTAMOGETON NATANS L. Sp. PI. 1 26. I 753-

In Lake San Juan. July 21. R. 790.
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POTAMOGETON PUSILLUS L. Sp. PI. 1 27. I 753.

In Lake San Juan. Aug. 7. R. 898.

ZosTERA MARINA L. Sp. PI. 968. 1 753. In shel-

tered places of San Juan Harbor. Found

occasionally on the beach by the Minnesota

Seaside Station after heavy southwest storms.

Aug. 12. R. 919.

Phyllospadix scouleri Hook. Fl. Bor. Am.

2:171. 1838. Common in tide pools and on

jagged rocks below the half tide mark. July

23. R. 814.

JUNCAGINACE.^

Triglochin maritima L. Sp. PI. 105. 1753. In

moist turf on the rocky beaches. June 28.

R. 67.

GRAMINE.^

Panicum unciphyllum Trin. Gram. Panic. 242.

1826. On rocky beaches, crevices of the

slate rocks. July 10. R. and B. 107.

Agrostis exarata Trin. Gram. Unifl. 207. 1824.

On steep, rocky beaches. Straits of Fuca

and on sandy shores of Lake San Juan. A

very variable species. July 22, 25. R. 806,819,
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Agrostis aequivalvis Trin. in Mem. Acad.

Petersb. Ser. 6 2:362. 1845. In swampy

places in the forest. July 12. R. and B.

121.

Agrostis attenuata Vasey. Bot. Gaz. 11:337.

1886. Sandy shores of Lake San, Juan.

Aug. 7. R. 892.

Calamagrostis hyperborea Lange Fl. Dan. t.

2942. Growing in })atches upon the rocky

beaches. July i. R. and B. 77.

Calamagrostis aleutica Trin. in Bong. Veg.

Sitch. 171. Along the edge of the forest.

July 8. R. 768. A form of the species grow-

ing in the forest. July 23. R.

HoLCUS LAXATUS L. Sp. PI. 1048. 1 753. Oc-

curring in clcarings. July 13. R. and B. 132.

AiRA CARYOPHYLLA L. Sp. PI. 66. 1 753- On the

wide, sandy beach in San Juan harbor.

July 22. R. 788.

Deschampsia caespitosa (L.) Beauv. Agrost.

160. 1 81 2. Common throughout and in

various habitats. July 13. R. and B. 131.

July 16, 21. R. 769,789.
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Phleum pratense L. Sp. PL 59. 1753. Intro-

duced and growing spontaneously near the

station buildings and elsewhere along trails

and in clearings in the forest. C. E. B.

PoA FLAVA L. Sp. PI. 68. 1753. In moist sandy

soil of the beach. July 18. R. 777.

Panicularia elata Nash, Mem. New York Bot.

Gard. 1:54. 1900. Along trails in the forest.

July 23. R. 812.

Trisetum nutkaensis (Presl.) Scrib. and Mer-

rill. Frequent along the edge of the forest.

July 13. R. and B. 11.

Festuca RUBRA L. Sp. PI. 74. 1753. (Approach-

ing variety hiakalensis Griseb.) Growing as

a crevice plant upon the rocky beaches.

June 20. R. and B. 11.

Festuca jonesii. Vasey, Contrib. U. S. Nat.

Herb. 1:278.1893. Common on the sandy

beaches. July 16. R. 765.

Bromus sitchensis Trin. in Bong. Veg. Sitch.

173.1833. Growing abundantly on moist

sandy beaches. July 11. R. and B. 114.

Bromus pacificus Shear, U. S. Dept. Agric.



98 IP 6 t e I s ia

Bull. 23:1900. Same habitat as the preced-

ing July 18. R. 776.

Bkomits secalinus L. S]). PI. 76.1753. Intro-

duced along trails and roadsides. July 19.

R. 787.

Bro.mus vulgaris (Hook.) Shear, U. S. Dept.

Agric. Bull. 23:1900. Tnfrecjuent on the

moist ])anks of the (jordon River. July 31.

R. 856.

HoKDKLM HORKALE Scribn. & Smith, Bull 4.

Div. Agrost. 28. 1897. Occurs as a crevice

])lant upon the rocky beaches. June 20. R.

and 1). 10.

Elymis (iLAicus Huckl. Proc. Acad. Sc. Phila.

99.1863. Fre(|uent along the edge of the

salal zone. July 11. R. and B. 116.

Elymi'S borealis Scribn. Circ. U. S. Div.

Agrost. 27: 9. 1900. Growing on moist

sandy beaches. July 16. R. and B. 115.

Elymus mollis Trin. Spreng. Xeue Entdeck.

2.72. Common among driftwood upon

some of the larger sand beaches. July 13.

R . and B. 127.
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Elymus ciliatus Scribn. Bull. U. S. Div. Agrost.

11: 57. pi. 16. 1898. Along shaded banks of

streams in the vicinity of Lake San Juan.

July 22. R. 801.

CYPERACE.T.
Eleocharis palustris (L.) R. and S. Syst. 2:

151. 1817. Frequent throughout, in various

moist habitats. July 6. R. and B. 87. Aug. 7.

R. 894 b.

SciRPUS americanus Pers. Syn. 1:68.1817. On
moist sandy beaches at the mouth of small

ravines. June 28. R. and B. 65.

SciRPUS CAESPITOSUS L. Sp. PI. 68. 1753.

Grows abundantly in modified Sphagnum

bogs. Aug. II. R. 914.

SciRPUS MICROCARPUS Presl. Rel. Haenk. 1:193.

1830. On moist sandy beaches, together

with Scirptis americanus. June 28. R. and

B. 61.

Eriophorum polystachyon L. Sp. PI. 52.1753

Abundant in Sphagnum bogs. Aug. 11.

R. 913.

Rynchospora alba (L.) Vahl. Enum. 2:236.

1806. In Sphagnum bogs. Aug. 2. R. 873.
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Carex pauciflora Lightf. Fl. Scot. 2:543.

1777. Same habitat as the preceding. Aug.

13. R. 932.

Carex sterilis Willd. Sp. PI. 4:208. 1805.

Frequent in Ijoggy places in the forest. July

12. R. and B. 122.

Carex sterilis cephalantha Bailey, Bull.

Torr. Bot. Clul). 20:429.1893. In Sphag-

num bogs. Aug. 13. R. 931.

Carex cryptocarpa C. A. Meyer. Mem. Sav.

E.xtr. Petersb. 1:226.1831. Infrequent, on

the smaller sandy beaches. June 20. R. and

B. 9.

Carex flava rectirostrata Bailey, Bot.

Gaz. 13: 84. 1888. Growing as a crevice

plant on the rocky beaches. June 25. R. and

B. 37-

Carex sitchensis Presc. ex Bong. Veg. Sitch.

51. As a crevice plant, and also along the

edge of the forest bordering the rocky

beaches.. June 25. R. and B. 37.

Carex deweyana Schwein. Ann. Lye. New York

1:65,310.1824. Occurs occasionally in the

salal society. July 18. R. 764.
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Carex deweyana eolanderi Boot. Bot Calif.

2: 236. 1880. Grows as a crevice plant on

the more or less perpendicular rocks along

shore. Aug. i. R. 832.

Carex decidua Boot. Proc. Linn. Soc. 1:255.

1845. Frequent on the sandy beaches of

Lake San Juan. July. 21. R. 793.

Carex mertensii Presc. ex Bong. Veg. Sitch.

51. x^long forest trail. July 23. R. 809. On

the banks of small mountain stream, ]Mt.

Edinburgh. July 31. R. 851.

Carex laeviculmis Meinsch, Bot. Centralb. 4:

195.1893. Infrequent along forest trails.

Aug. 7. R. 879.

Carex livida (Vahl) Willd. Sp. PI. 4: 285.

1805. In boggy places in the forest. Aug. 2.

R. 872.

Carex howellii Bailey, Mem. Torr. Bot. Club.

1:45.1889. Occurs in Sphagnum bogs.

Aug. II. R. 916.

Carex arcta Boot. Hook. Fl. Bor. Am. 2: 227.

Along forest trails in the San Juan river

valley. Aug. 7. R. 890.

Carex exsiccata Bailey. Mem. Torr. Bot.
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Club. 1 :6. 1889. Very abundant in places on

the beaches of Lake San Juan. Aug. 7. R.891

Carex macrocephala Willd. ex Kunth Enum.

PI. 2:428. 1837. Common on the sandy

beaches of San Juan Harbor. Aug. 15. R.

935-

ARACE^.

Lysichiton ca.mtschatcense Schott. Oestr.

Bot. Wochenbl. 7:62. 1857. Common in

moist ravines in the deejjly shaded forest.

July 25. R. 825.

JUNXACE.'E

JuNCUs effusus bruneus Engelm. Trans.

St. Louis Acad. 2:491. 1868. In moist turf

on the open beaches. June 25. R. and B.39.

JuNCUS BALTicus Willd. Ges. Naturf. Fr. Berlin.

]Mag. 3:298.1809. Frequent in the same

habitat as the preceding. July 6. R. and

B. 86.

JuNCUS ENSiFOLius Wikstr. Vet. Akad. Handl.

Stockh. 2:274. 1823. Grows most frequent-

ly as a crevice plant upon the rocky beaches.

June 25. R. and B. 36.
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JuNCUS PAUCiCAPiTATUS Buch. Bot. Jahrb.

12:307. 1890. Frequent in swampy places

in the forest. July 12. R. and. B. 123. July

23. R. 811. On the beach of Lake San

Juan. Aug. 7. R. 883.

JuNCUS FALCATUS E. Meyer, Syn. Luz. 34.

1823. Banks of the Gordon river. Aug. i.

R. 840.

JUNCUS FALCATUS SITCHENSIS Buch. Bot.

Jahrb. 12:428.1890. Growing in moist

crevices on the rocky beaches. June 26. R.

and B. 50.

JuNCUS LESCURii Bolander, Proc. Acad. Sc.

Calif. 2:179.1863. Frecjuent on the sandy

beaches, near high tide mark. June 24. R.

and B. 30. July 18. R. 778.

LuzuLA PARViFLORA Desv. Journ. de Bot. i : 144

1808. Infrequent along banks of small

streams in the forest. July 9. R. and B. 104.

LuzuLA COMOSA E. Meyer Syn. Luz. 18. 1823.

On the open beaches, in moist turf. June 24.

R. and B. 34.

liliace.f:

ToFiELDiA INTERMEDIA Rydbcrg, Bull. Torr.
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Bot. Club. 27:528.1900. In moist turf along

the beach. June 25. R. and B. 45.

Allium cernuum Roth, ex Roem. xA.rch. i :Part

3.40.1798. Frequent on the rocky beaches.

June 24. R. and B. t,2.

LiLiUM COLUMBIANUM Han^on. Journ. Linn.

Soc. 14:243.1874. Frequent on the open

ridges of the higher forest region. July 19.

R. 785.

Unifolium dilatatum (Xutt.) Greene, Man
Bot. San. Fran. Bay. 316. 1894. In the

shady forest and also along the outer edge

of the salal society. June 25. R. and B. 1,8.

Erythronium grandiflorum Pursh. Lindl.

Bot. Reg. 1786. Frequent in the dense for-

est of the Gordon River valley. Aiig.i. R.

836.

DispoRUM MENZiESii Nichols, Diet. Gard 1:485.

Frequent in the same habitat as the pre-

ceding. Aug. I. R. 837.

Streptopus amplexifolius (L) DC. Fl. France,

3: 174. 1805. Frequent on the banks of

streams in the forest. June 6. R. and B. 85.

Stenanthium occidentale a. Gray, Proc.
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Amer. Acad. 8:405. Rare along the Gordon

River. July 3. R. and B.

Trillium ovatum Pursh. Fl. Am. Sept. 1:245.

1 8 14. Higher forest of Gorden River valley.

Common on Mt. Edinburgh. Aug. R. 839.

IRIDACEyE

SiSYRiNCHiUM IDAHOENSE Bicknell, Bull. Torr.

Bot. Club. 26:445.1899. Growing in moist

turf on the beach and also in crevices. June

21. R. and B. 14.

Hydastylis brachypus Bicknell, Bull. Torr.

Bot. Club. 27:379.1900. Same habitat as

the preceding. June 26. R. and B. 48.

ORCHIDACE^
LiMNORCHis STRICTA (Lindl.) Rydb. Mem. New

York Bot. Gard. 1:105.1900. In Sphagnum

swamps and boggy places of the forest

throughout. July 7. R. and B. 97. July 19.

R. 780. •

LiMNORCHis GRAMiNiFOLiA Rydb. Bull. Torr.

Bot. Club. 28:627.1901. Frequent in Sphag-

num swamps with the preceding species.

Aug. II. R. 912.
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LiSTERA CORDATA R. Br. Ait. Hort. Kew. Ed. 2,

5:201-1813. In densely shaded places in the

forest where undergrowth is scarce. July 13.

R. and B. 125.

GooDYERA MENZiESii Lindl. Gen. et Sp. Orch.

402. Mt. Edinburgh. Aug. 1905. F. K. But-

ters.

Spiranthesromanzoffiaxa Cham.and Schlecht.

T>inncea 3:321. 1828. Mt. Edinburgh. Aug.

1905. F. K. lUitters.

MYRICACE.^

Myrica gale L. Sp. PI. 1024.1753. Abundant

in Sphagnum bogs. Aug. 11 R. 918.

SALICACE.E

Salix sitchensis Sanson; ex Bong. Mem. Acad.

Petersb. 2:162.1833. Frequent along the

shores of Lake San Juan. July 22. R. 799.

Salix lasiandra Benth. PI. Hartw. 355. 1839-

1857. On the banks of streams in San Juan

river valley. Aug. 7. R. 900.

BETULACE.E

Alxus oregaxa Xutt. Silv. 1:28.1842. :Mostly

along the edge of the forest, infrequent along
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the banks of the Gordon and San Juan

rivers. July 13. R. and B. 134.

LORANTHACE.^
Razoumofskya tsugensis Rosend. Minn. Bot.

Stud. III. Part 2. 271. 1903. Parasite on

Tsuga heterophylla. July 25. R. 826.

POLYGONACE^
RuMEX SALiciFOLiA Weinm. Flora, 4:28. 1821.

Infrequent on the exposed rocky beaches.

July 18. R. 763.

RuMEX ACETOSELLA L. Sp. PL 338. 1 753- Fre-

quent along trails and roadsides. July 9.

R. and B. 100.

CARYOPHYLLACE^
Alsine crispa (C. and S.) Holzinger, Contrib.

U. S. Nat. Herb. 3:216.1893. Introduced

and frequent along trails in the forest. June

25. R. and B. 41.

Alsine brachypetala (Bong.) Howell. Fl.

North West. Am. 1897. On the beach of

moist sandy inlets or coves. June 26. R.

and B. 53.

Sagina occidentalis Wats. Proc. Am. Acad. Sc.
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10:334.1875. In moist crevices on the rocky

beaches. June 27. R. and B. 62.

Ammodenia major (Hook.) Heller. Catalogue of

N. Am. PL Common among driftwood on the

sandy beaches. July 12. R. and B. 126.

PORTULACACE^

MoNTiA siBERicA (L) Howcll. Erythea 1:38,

1893. Ercquent on the moist, moss covered

ledges of the protected rocky beaches. June

27. R. and B. 60.

MoNTiA PARVIFOLIA Greene Fl. Fran. 181.1891.

Same habitat as the preceding. June 18. R.

and B. 8.

NYMPH.^ACE.E

Nymphka polysepala (Engelm.) Greene, Bull

Torr. Bot. Club. 15:84,1888. San Juan Lake.

Aug. 7. R. 8q3.

RAXUNCULACE.^

CoPTis ASPLEXiFOLiA Salisb. Trans. Linn. Soc.

8:306.1807. Frequent in Sphagnum swamps

and boggy places in the forest. July 19. R.

781.
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AcT^A RUBRA Willd. Enum. Hort. Berol.561.

Hodag Lake, Aug. 8. 1905. F. K. Butters.

Aquilegia FORMOSA Fisch. ex DC. Prod. 1:50.

1824. Common as a crevice plant on the

rocky beaches. June 25. R. and B. 23.

Anemone lyallii. Britton, Ann. New York

Acad. Sc. 6:227.1891. Infrequent on the

banks of the Gordon river. July 31. R. 849.

Trautvetteria grandis Nutt. Torr. and Gray

Fl. N. Am. 1:37.1840. Frequent in the

shady forest of the Gordon river valley. July

3. R. and B. 82.

Ranunculus bongardi Greene, Erythea 3:54.

1895. Common on moist rocky banks.

June 23. R. and B. 22.

Ranunculus intermedius (Hook.) Heller. Bull.

Torr. Bot. Club. 25:580. 1898. Low
sandy beaches of Lake San Juan. Aug. 7.

R. 884.

BERBERIDACE^
Berberis nervosa Pursh. Fl. Am. Sept. 1:219.

1814. Frequent on the burnt over region

of Mt. Edinburgh. Aug. i. R. 843.
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ACHLYS TRIPHYLLA DC Syst. 2.35. 1821.

Frequent in the deeply shaded forest of the

Gordon river valley. Aiip;. i. R. 847.

PAPAVERACE.E

DiCENTRA FORMOSA DC. Syst. 2:109.; Prod.

1.T25. 1824. Mt. Edinburgh, Alt. 2500 ft.

July, 1904. Hohvay eS: Butters.

CRUCIFERAE

Cardaauxe ANC.ri.ATA Trin. Hook. Bot. Misc.

1:343.1830. lnfre(iuent on the sandy back-

strand at Lake San Juan. July 22. R. 805.

Arabis hirsuta (L.) Scop. M. Carn. Ed. 2, 2:

30.1772. In crevices of rocks along the

beach. June 20. R. and B. 12.

DROSERACE^.
Drosera rotundifolia L. Sp. PI. 281.1753. In-

frequent as a crevice plant on the moist

rocky beaches. July 13. R. and B. 130.

Abundant in Sphagnum bogs throughout

Aug. 13. R. 927.

SAXIFRAGACE^
BoYKiNiA ELATA (Nutt.) Greene, El. Erancis.

190. 1 89 1. Common on moist stream
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banks. June 27. R. and B. 58. July 5. R.

and B. 84.

TiARELLA TRIFOLIATA L. Sp. PI. 406.1753.

Occurs with the preceding. June 26. R.

and B. 46.

TiARELLA LACINL\TA Hook. FL Bor. Am. 1:239.

1833. Mt. Edinburgh. Aug. 1904. F. K.

Butters.

Saxifraga nootkana Ser. ex DC. Prod.

4:40.1830. Mt. Edinburgh, Aug. 1904. F.

K. Butters.

Heuchera micrantha Dougl. ex LindL Bot.

Reg. 1302. 1830. On dry exposed rock ledges

along the beach, infrequent. July 25. R. 816.

Heuchera glabra Willd. ex Roem. and Schult.

Syst. 6:216.1820. Frequent on the rocky

banks of the Gordon river. July 31. R. 856.

Tellina grandiflora (Pursh.) Dougl. ex Lindl.

Bot. Reg. m. 1178.1828. On moss covered

ledges of the protected beaches. July i. R.

and B. 76.

MiTELLA ovALis Greene, Pittonia 1:32.1887.

Found infrequently along the trails in the

San Juan valley. Aug. 7. R. 878.
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ToLMiEA MENZiESii T. and G. Fl. N. Am. 1 1582 .

1840. Same habitat as the preceding. Aug.

7. R. 897.

Parnassia fimbriata Banks; ex Kon. and Sims,

Ann. Rot. 1:391.1805. On the moist rocky

banks of the Gordon River. July 31- R- 860.

RiBES BRACTEOSUM Dougl. Hook. FL Bor. Am.

1:233-1833. Frequent along the banks of

small streams. July 9. R. and B. 105.

RiBES LACUSTRE (Pcrs.) Poir, Encyc. Suppl.

2:856. ]\It. Edinburgh. Aug. 1904. F. K.

Butters.

ROSACEA

Neillia capitata (Pursh.) Greene, Pitt. 2:28.

1889. Common on the rocky backstrand of

Lake San Juan. July 22. R. 798.

Spir^a MENZIESII Hook. Fl. Bor. Am. 1:173-

1833. Associated with the preceding plant.

July 22. R. 797.

Eriogyna pectinata (Pursh.) Hook. Fl. Bor.

Am. I : 255. 1833. Mt. Edinburgh, Alt.

3000 ft. Aug. 1904. F. K. Butters.

Aruncus aruncus (L.) Karst. Deutsch. Fl.
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779 (1880-83). Occurs occasionally along

the forest edge. June 28. R. and B. 66.

INIalus rivularis (Dougl.) Roem. Syn. Rosifl.

216. Mostly along the forest edge in the

salal society, occasionally in the forest.

June 25. R. and B. 72.

SoRBUs occiDENTALis (S. Wats.) Greene Fl. Fr.

54. Hodag Lake, Alt. 1000 ft. Aug. 1905. F.

K. Butters.

Amelanchier ALNiFOLiA Nutt. Journ. Phil.

Acad. Sci. 7:22. Frequent along the forest

edge. July 6. R. and B. 88.

RuBus PARViFLORUS Nutt. Gen. 2:308.1818.

Common on the open beaches along the

forest edge. June 18. R. and B. 3.

RuBus URSiNus C. and S. Linnaea 2:11.1827.

A low, running shrub, common along the

border of the salal. June 23. R. and B. 26.

RuBUS SPECTABiLis Pursh. Fl. Am. Sept. 1:348.

1 814. Common throughout the region, pop-

ularly known as the salmon berry. July 18,

R. 761.

Fragaria chiloenses (L) Duch. Hist. Nat.

Frais. 165. Common on the rocky beaches,
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occuring mostly as a crevice plant. June 24.

R. and B. 29.

CoMARUM PALUSTRE L. Sp. 502.1753. Frequeot

on the mid and backstrand of San Juan

Lake. Aug. 7. R. 899.

PoTENTiLLA viLLOSA Pall, cx Pursh. Fl. Am.

Sept. T :353- 1814. In dry crevices on the ex-

posed rocky beaches. June 18. R. and B. 4.

Argentina anserine grandis (T. and G.)

Rydberg. ^Nlcm. Dept. Bot. Columbia Univ.

2:161. Common on low sandy beaches.

June 18. R. and B. 5.

Geum MACROPHYLLUM Willd. Enum. 1:557.1809

Frequent along the forest edge fronting the

harbor beach. July 22. R. 795.

Sanguisorba media L. Sp. PI. ed. 2:169.1762.

Common in Sphagnum bogs. Aug. 11. R
911.

Rosa nutkana Presl. Epim. 203. Frequent

among the salal along the forest edge. June

18. R. and B. 2.

Rosa gymnocarpa Xutt; Torr. and Gray Fl. N.

Am. 1:461.1840. Common along the banks

of the Gordon river. July 3. R. and B. 80.
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LEGUMINOS.^
LupiNUS LATiFOLius Agardh. Syn. Gen. Lupin.

18. Mt. Edinburgh. Aug. 1904. F. K. But-

ters.

Trifoliuai heterodon Torr. and Gray Fl. N.

Am. 1 :3i8. 1840. Occurs on both sandy and

rocky beaches. June 21. R. and B.13.

Vtcia gigantea Hook. Fl. Bor. Am. i :i57- ^^33-

Frequent on the higher portions of the beach.

June 26. R. and B. 54.

Lathyrus maritimus Bigel. FL Bost. ed. 3:

286.1824. On moist sandy beaches. June

26. R. and B. 52.

Lathyrus nuttallii Wats. Proc. Amer. Acad.

21:450.1886. Occurs infrecjuently on the

banks of the Gordon river. July 3. R. and

B. 81.

CALLITRICACE^
Callitriche palustris L. Sp. PI. 969.1753.

In San Juan Lake and slow streams of the

San Juan valley. Aug. 7. R. 885,

EMPETRACE^
Empetrum nigrum L. Sp. PI. 1022. 1753. Com-

mon in Sphagnum bogs. July 27. R. 827.
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ACERACE/E

Acer macrophyllum Pursh. Fl. Am. Sept.

1:267.1814. Noted but not collected. Fre-

cjuent along the banks of both the San Juan

and Gordon rivers.

Acer glabrum Torr. Ann. Lye. Xew York 2:172,

1828. Gordon River valley, Aug. 1905. F.

K. Butters.

guttifer.f:

Hypericum anagalloides Cham, and Schlecht.

Linnaea 3:127.1828. In boggy places in the

forest. July 9. R. and B. loi.

VIOLACE^
Viola glabella Nutt. Torr. and Gray Fl. N.

Am. 1:142.1840. Frequent in the forest of

the river valleys. Aug. 1. R. 838. Aug. 7

898.

Viola sp. A small form growing on the boulders

and rocky banks in the Gordon River chan-

nel. Aug. I. R. 857.

onagrace.f:

Cham^nerion angustifolium (L.) Scop. Fl.

Carn. ed. 2, 1:271.1772. On sandy and
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rocky beaches. Common on the burnt over

slopes of Mt. Edinburgh. July 7. R. and.B.

94.

Cham^nerion LATiroLiUM (L.) Sweet, Hort.

Brit. ed. 2, 198.1830. Frequent in the rocky

channel of the Gordon river. July 31. R.

841.

Epilobium adexocaulon Housskn. Oester. Bot.

Zeitschr. 29:119. Growing abundantly on

the slopes of Mt. Edinburgh. July 31. R. 854.

Epilobium glandulosum Lehm ex Hook. El.

Bor. Am. 1:206. 1833. 2:14. Occurs along

the forest edge, infrequent. July 9. R. and

B. 112.

CiRC^A ALPINA L. Sp. PI. 9.1753. Occasion-

ally along the trail in the Gordon river val-

ley and on the slopes of Mt. Edinburgh.

This plant seems to correspond in every

respect with Circa^a alpina L. Most of the

collections from the island and surrounding

mainland are recorded as Circaea pacifica

Asch. and Magn., but in this instance there

is no adequate reason for such separation.

Aug. I. R. 834.
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HALORRHAGIDACE.E
Myriophyllum spicatum L. Sp. PI. 992.1753.

In Lake San Juan. Aug. 7. R. 888.

HiPPURis VULGARIS L. Sp. PL 4.1753. Occurs on

the front .strand of Lake San Juan. July 22.

R. 791.

ARALL\CE.^

Fatsia horrida Benth. and Hook. f. Gen. 1 1939.

Frequent aloni^ creek.s in the Gordon River

valley. Aug. i. R. 833.

UMBELLIFERAE
Sanicula menziestt Hook, and Am. Bot. Beech.

\'oy. 142. Growing in the salal society, in-

frequent. July 18. R. 762.

Washingtoxia DnARiCATA(Nutt) Britt.; Britton

and Brown HI. Fl. X. Am. 2: 531. 1897.

Shaded banks of streams, San Juan River

valley. July 22. R. 804.

Oenanthe sarmentosa Presl. ex DC. Prod.

4:138. Along banks of streams. July 22. R.

803. Sandy beaches July 19. R. 779.

CoxiosELixuM GMELixi (Ch. and Schlect.) C. and

R. Monograph X. Am. Uml^el. Contrib.
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U. S. Nat. Herb. 7:1900. Common among

driftwood on the sandy beaches. Aug. 9.

R. 901.

Heracleum lanatum Michx. Fl. Bor. Am.

1:166.1803. Common among the shrubs of

the forest edge. July i. R. and B. 75.

CORNACE.4^

CoRNUs CANADENSIS L. Sp. PI. 1
1
7.

1 753. Fre-

quent on the higher ridges in the forest.

July 7. R. and B. 95

CoRNUS occiDENTALis (T. and.G.) Coville

Contrib. Nat. Herb. 4: 117. 1893. On
banks of streams in the region of San Juan

Lake. Aug. 7. R. 800.

PYROLACE^

Pyrola secunda L. Sp. PI. 396. 1753. Mt.

Edinburgh. Alt. 3500 ft. July, 1904. F. K.

Butters.

Moneses uniflora (L.) Gray, Man. 273. Along

trails in the forest of the San Juan valley.

Aug. 7. R. 876.

^MONOTROPA HYPOPITYS L. Sp. PI. 387. 1 753.

Gordon River valley, infrequent.
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Newberrya congesta Torr. ex Ann. Lye. New

York 8:55.1867. In the densely shaded lower

forest of the Gordon River valley. Aug. i.

835-

ERICACE.E
Menziesia urceolaria Salisb. Par. Lond. pi.

44.1806-7. (Menziesia ferriiginea Pursh).

Common as a forest undershrub throughout.

June 26. R. and B. 47.

Kalmia glauca Ait. Hort. Kew. ed. 1.2:64.

Common in Sphagnum bogs. Aug. 11. R.

917.

Gaultheria shallon Pursh. Fl. Am. Sept.

1 :288.i8i4. Common as underbrush through-

out, most almndant along the forest edge.

June 26. R. and B. 56.

Vaccinium ovalifolium Smith; ex Rees Cyclop.

36 :n. 2. Frequent in the forest throughout.

June 29. R. and B. 69.

Vaccinium parvifolium Smith, in Rees' Cyclop.

36: n. 3. Occurs with the preceding, but

more abundantly. June 29. R. and B. 68.

Vaccinium ovatum Pursh. Fl. x^m. Sept. i:

290.1814. On some of the open ridges of
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the higher forest, infrequent. July 9. R.

and B. 99.

Vaccinium myrtilloides Hook. Fl. Bor. Am.

2:32.1833. Mt. Edinburgh, Alt. 1200 ft. F.

K. Butters.

OxYCOCCUS PALUSTRis Pers. Syn. i :4i9.i8o5. In

Sphagnum swamps and boggy places in the

forest. July 19. R. and B. 782.

Cladothamnus pyroliflorus Bong. Veg. Sitch.

37. Grows as a small shrub on the rocky

banks of the Gordon River. July 31. R. 865.

PRIMULACE.F:

Trientalis europ^a arctica Ledeb. Fl.

Ros. 3:25.1846-1851. On moist moss cover-

ed rocks along the forest edge. June 22. R.

and B. 16.

Trientalis latifolia Hook. Fl. Bor. Am.

2:121.1833. Frequent on the slopes of Mt.

Edinburgh. July 31. R. 853.

Glaux maritima L. Sp. PL 207.1753. In moist

turf along the beach. June 28. R. and B. 63.

PLUMBAGINACE/E
Armeria vulgaris Willd. Enum. Hort. Berol.
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7,T^T^. Frequent as a crevice plant on the open

rocky beaches.

GENTIANACE^
Gentiana douglasiana Bong, in Mem. Acad.

Pctersb. 2:156.1833. Common in Sphagnum

bogs. July 7. R. and B. 96.

Gentiana sceptrum Griscb. Gen. et Sp. Gent.

293. Hodag Lake, Aug. 1905. F. K. Butters.

Fauria crista-galli (Menzies) Makino, Tokio

Bot. Mag. 18: 15. 1904. Growing abun-

dantly in a few Sphagnum bogs in the

region. Aug. 2. R. 873.

Menyanthes trifoliata L. Sp. PL 145.1753.

Hodag Lake, Aug. 1905. F. K. Butters.

hydrophyllace.f:

Romanzoffia sitchensis Bong. Mem. Acad.

Petersb. 2:156,1833. Mt. Edinburgh, Alt.

1500 ft. Aug. 1904. F. K. Butters.

LABIATE

Stachys ciliatus Dougl. ex Benth. Lab. Gen.

et Sp. 539. On moist sandy beaches. June

29. R. and B. 71.

Prunella vulgaris L. Sp. PI. 600.1753. Ere-
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(juent on the rocky beaches. June 18. R.

and B. i.

Lycopus communis Bicknell. ex Britton. Man.

803. 1901. Growing on the sandy beach of

Lake San Juan. Aug. 7. R. 881.

SCROPHULARIACE.E

ScROPHULARiA CALiFORNicA Cham, and Schlecht.

Linnaea 2:585.1827. On moist, sandy

beaches. June 26. R. and B. 55.

Chelone nemorosa Dough ex Lindh Bot. Reg.

t. 1 21 1. Infrecjuent on moist moss covered

rocks along the Gordon River. July 31.

R. 868.

Pentstemon menziesii Hook. Fl. Bor. x\m.

2 198. 1833. Mt. Edinburgh, Alt. 3500. ft. July,

1904. Holway & Butters.

MiMULUS LANGSDORFii Donn. ex Sims. Bot.

INIag. pi. 1 501. In moist crevices of the

rocky beaches. June 18. R. and B. 6.

MiMULUS MOSCHATUS Dougl.; ex Lindl. Bot. Reg.

1 1 18. Along forest trails in the San Juan

River valley. Aug. 7. R. 895.

Veronica anagallis-aquatica L. Sp. PI. 12.
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1753. In pools on the elevated portions of

the beaches. June 25. R. and B. 40.

Veronica scutellata L. Sp. PI. 12.1753. O^
low shores of Lake San Juan. July 22. R.

792.

Veronica serpyllifolia L. Sp. PI. 12.1753.

On the rocky beaches along the forest edge.

July 25. R. 818.

Castillfja acuminata (Pursh) Spreng. Syst.

2:775. As a crevice plant on the exposed

beaches. Very abundant. June 23. R. and

B. 24.

LENTIBULARIACE^
Pinguicula vulgaris L. Sp. PI. 18.1753. On

the moist rocky banks of the Gordon River

July 31. R. 862.

OROBANCHACE.^
BoscHNiAKiA STROBiLACE^ A. Gray. Pacif.

Rail. Rep. 4:118. Parasitic on the roots of

Gaultheria shallon and frequent throughout

the region. July 9. R. and B. 189.

PLANTAGINACE^
Plantago major asiatica Decaisne DC.
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Prod. 13:695.1849. In dry crevices on the

exposed rocky beaches. Aug. 9. R. 903.

Plantago maritima L. Sp. PI. 1 14.1753. Same

habitat as the preceding. June 22. R. and

B. 21.

Plantago macrocarpa Cham, and Schlecht.

Linnaea i :i66.i826. Frequent in Sphagnum

bogs. Aug. II. R. 910.

RUBIACE.E

Galium aparine L. Sp. PL 108.1753. On sandy

beaches near the forest edge. July 22. R.

808.

Galium triflorum Michx. Fl. Bor. Am. i :8o.

1803. Common in the river valley and on

the slopes of ]\It. Edinburgh. July 31. R. 846.

Galium vaillantii DC. Fl. Fr. 4:263. On moist

sandy beaches, among tall weeds. July 11.

R. and B. 117.

Galium trifidum pacificum Wiegand Bull.

Torr. Bot. Club. 24:400.1897. Frequent on

the mid-strand of Lake San Juan. Aug. 7.

R. 882.
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CAPRIFOLIACE.T.

Sambucus leiosperma Leiberg, Biol. Soc. Wash.

ii: 40. 1897. A common shrub in the river

valleys. July 22. R. 794.

LiNN^A BOREALis L. Sp. PI. 631.1753. In the

underbush along the forest edge. June. 22.

R. and B. 20.

Symphortcarpos racemosus Michx. Fl. Bor.

Am. I :io7.i8o3. Banks of the Gordon River

July 31. R. 866.

Lonicera involucrata (Rich.) Banks; ex

Spreng. Syst. i: 759. Frequent in the salal

society. July i. R. and B. 73.

CAMPAXULACE.E

Campanula petiolata DC. Monograph Cam-

pan. 278. Growing on the rocky banks of

the Gordon river. July 31. R. 861.

Campanula rotundifolia arctica Lange. Fl.

Dan. 14. 8. t. 721 1. Mt. Edinburgh,

July, 1904. F. K. Butters.

VALERIAXACE.^

Valeriana sitchensis. Bong. Veg. Sitch. 145.

Infrequent on the banks of the Gordon river.
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COMPOSITE
SoNCHus ASPER (L) All. FI. Ped. 1:222. 1785,

Introduced and growing on sandy beaches

Aug. 12. R. 920.

Apargidium boreale T. and G. Fl. N. Am
2:474.1841. Common in Sphagnum bogs of

the higher forest. July 8. R. 767. July. 28.

R. 830.

Nabalus alatus Hook. Fl. Bor. Am. i :294.

1833. On the rocks at the edge of the forest.

July 8. R. 766.

HiERACiUM ALBiFLORUM Hook. Fl. Bor. Am.

1:298.1833. Along the forest edge, San Juan

Harbor. July 22. R. 796.

Aster foliaceus Lindl. DC. Prod. 5:228. Com-
mon on rocky ledges along the beach. July

25. R. 817.

Aster major (Hook.) Porter. Mem. Torr. Bot.

Club. 5:325. Among rocks in the Gordon

River channel. July 31. R. 842.

Erigeron philadelphicus L. Sp. PI. 863.1753,

On the rocky banks of the Gordon River.

July 31. R. 859.



128 p s t e I s i a

Anaphalis subalpina (Gray) Rydberg. Mem.
New York. Bot. Gard. 1:415.1900. Com-

mon among driftwood on sandy beaches.

Aug. 9. R. 902.

Adenocaulon bicolor Hook. Bot. Misc. 1:19.

1830. On the sandy banks of the Gordon

river, July 31. R. 867.

Achillea lanulosa Nutt. Journ. Acad. Sci.

Phila. 7 136. In crevices of the rocky beaches.

|uly 23. R. and B. 25.

Tanacetum huronense Xutt. Gen. Am. 2:141.

1814. On the driftwood beaches. July 24.

R. and B. 31.

Artemisia suksdorfii Piper. Bull. Torr. Bot.

Club. 28:42.1901. Common on the sand

beach of San Juan Harbor. July 31. R. 870.

Arnica macounii Greene. Pittonia 4:160.1899-

1901. In the rocky channel of the Gordon

River. July 3. R. and B. 83.

LuiNA hypoleuca Benth. ex Hook. Ic.Pl. t. 1139.

1873. On rocks in the channel of the Gor-

don River. July 31. R. 863.

This catalogue gives a total of 253 species

and varieties for the region covered. An ex-
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amination will reveal the fact that the Pterid-

ophyta are represented by 18 species, 12 of which

come within the family Polypodiacea. The

genera Polystichum, Lomaria, Pteris, and Dry-

opteris constitute the principal part of the Pter-

idophytic vegetation.

The Gymnospermcu are represented by 2

families of the Coiiijercc and present 8 genera

and 10 species. The great bulk of the Van-

couver Island vegetation falls within this division

and 4 or 5 species preponderate heavily: these

are Picea sitchensis Thuja plicata, Tsuga heter-

ophylla, Abies amabilis, and Pseudotsuga taxi-

folia.

Two hundred and twenty-two species belong

to the Angiospenncc of which 79 are Mono-

cotyledons and 143 Dicotyledons,. The former

class presents 42 genera in 10 families: the latter

119 genera in 42 families. The characteristic

northern preponderance of grasses, sedges, and

rushes is shown by the fact that the family

Graminece yields 24 species. The CyperacccB

come second with 22 species and the Juncacece

fifth with 9 species. The latter being exceeded
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in point of number of species by three dicotyle-

donous families, the Rosacece with i8,the Com-

posiicB with 14 and the Saxijragacece with 12.

Since grasses, sedges and rushes nearly always

build compact groups or societies with numerous

individuals, it follows that a considerable array

of species of these types means a considerable

occupation of the available ground.

Among the dicotyledonous families, aside

from those mentioned above, the Ericacece show

9 s])ecies, the Scrophulariacecc 9, the Ranun-

culacccc 7 and so on in decreasing number. Of

the 52 angiospermous families 18 are represented

by but a single species each.

In giving the above figures the writer is well

aware that the attempts to convey an idea of

the aspect of vegetation and the floral composition

of a given region by means of statistics, and per-

centages especially, are often misleading and many

times prove good as useless. This is partly due

to the fact that statistics and percentages, based

on a bare enumeration of families, genera and

species do not incorporate the right elements of

proportion and color, and futhermore do not al-
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low for the item of error due to the various con-

ceptions of species and genera. Only in so far

as they are general can figures in this connection

be relied on, and only in so far as they can be

co-ordinated with other explanations do they

explain.

Summary and Conclusion.

In the light of the above generalization, the

main facts to l)e gained from the cited figures

can be summed up as follows:

—

a. That the pteridophytic flora is poor in

number of species for a region showing almost

tropical conditions as regards moisture, yet

shows great density and profusion.

b. That the gymnospermous flora forms the

all important group and constitutes the great

mass of the island vegetation.

c. That of the two classes of Angiosperms,

the Monocotyledons occupy a more important

position than the Dicotyledons. This relegation

of the Dicotyledons to a secondary place is not

without bearing upon other and interesting bio-

logical phenomena. For there can be little doubt

that the dearth of insects of almost all kinds
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is largely conditioned by the comparative lack

of entomophilous flowers. And again the dis-

parity in the insect population may be the chief

cause for the scarcity of song birds, but further

pursuance of these suggested thoughts would be

digression here.

In conclusion it can be said in general, that

the flora of Vancouver Island, in so far as it can

be judged l)y observations confined to a limited

area of the same, is typically boneal: with an

admixture of more arctic forms than the latitude,

the elevation above sea level, and present climatic

conditions would indicate. This is perhaps best

illustrated by the fact that several species which

grow onlv a few feet above sea-level on the island

are identical with forms found in the Canadian

Rockiesat altitudes of 4000-7000 ft. and at higher

latitudes. The infiltration of southern forms

is slight. The greatest complexity of plant

life is shown in the beach formations. The

coniferous forest is the principal formation of

the region and has reached through favorable

climatic and edaphic conditions it present

enormous development. June, 1904.
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Cl^e ConiferjS of Bancouter 31?^lanD

Fred K. Butters

One of the most natural phytogeographical

regions of North America is the great coniferous

forest which extends along the Pacific Ocean

from central California to Kadiak Island in the

Gulf of x^laska. The equable climate and heavy

rainfall of this region have developed here the

densest and most luxuriant forest to be found

outside of the tropics.

To the east are continuous high mountain

ranges which seldom stand more than one hun-

dred and fifty miles from the sea, and are often

much nearer. East of the mountains semi-arid

conditions prevail except where other high moun-

tains cause a local increase in the precipitation,

as in the Selkirk Mountains of British Columbia,

the ranges of northeastern Washington, northern

Idaho and western Montana, and the Sierra

Nevada of California.

As Vancouver Island occupies a somewhat

central position in this great Pacific forest, and

as the climate and topography of this island is

135
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typical of the whole region, a discussion of its

conifers is not without general interest.

The main facts brought out in the following

discussion have been obtained from observations

during four summers spent in the vicinity of the

Minnesota Seaside Station in southwestern Van-

couver. Additional data as to geographical dis-

tribution have been obtained from Macoun's

Catalogue of Canadian Plants and Sargent's

American Sylva, together with an examination

of the specimens in the herbarium of the Uni-

versity of Minnesota and some personal ob-

servations made in the mountains of the upper

mainland of British Columbia. The formal

specific descriptions are largely adapted from

Sargent's Sylva.

The topography of \'ancouver Island is every-

where hilly and in the central portion it is very

mountainous with numerous summits which

reach the level of perpetual snow. As is usual

in regions of rugged topography, there is very

considerable local variation in climate. Stations

at sea level have a mean temperature of 45° to

50° F.

The west coast, being under the immediate
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influence of the ocean, has cool summers and

very mild winters, with exceedingly heavy rain-

fall which is heaviest in winter, but abundant

even in summer. There are limited areas along

this coast where frost is very rare, or almost un

known, but in most places there are two or three

weeks of frosty weather each winter.

As the summer clouds and fogs are generally

low-lying and are intercepted by hills fifteen

hundred to two thousand feet high, the interior

of the island has much hotter and dryer summers

than the west coast, while the winters are some-

what more severe than in that region.

Mountains of moderate height even near the

coast have a climate much like the interior of

the island. In winter their climate is more

severe than that of the adjacent lowlands, and

there is a very heavy snowfall, but in summer as

they stand above the comparatively thin layer of

sea-cooled air, with its fogs and frequent rains,

they are much warmer and drier than the low-

lands. Above three thousand feet the usual

alpine changes in the climate begin to appear,

and above five thousand feet there is considerable

perpetual snow.
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Temperature conditions upon the east coast

are intermediate between those of the west coast

and those of the interior, but during the occas-

ional cold waves of the winter the temperature of

the east coast is often lower than that of the more

sheltered interior. The rainfall upon the east

coast is less than in the interior. It is especially

lijji;ht in the southeast ])eninsula in the vicinity of

\'ictoria, as that part of the island is sheltered

from the moist southwest winds by the lofty

Olvmpic Mountains of northwestern Washing-

ton.*

* The following statistics are obtained from the Report of the

Department of Agriculture of the Province of British Columbia

for 1902.

o

d .

2

a B

^5 28

BZ
a

o ::

o
a

West Coast



po s t e I 6 t a ^39

•suiBjunoitt

AnDoa ujaqinos

puB u-i3;SBg



I40 p s t e I s i a

All parts of Vancouver Island are heavily

forested except the southeastern peninsula and

the higher mountain summits of the interior.

The densest forests arc to be found in the vicin-

ity of the west coast, where the climatic con-

ditions arc particularly favorable to the growth

of trees.

Only thirteen species of conifers are known

to occur spontaneously on the island, viz,:-

TAXACE.E

Tax us bi'cviiolia

PINACE.^
' Abietine^

P'niiis monticola

Pinus coiitoiid

Abies (Picea) sitchensis

Abies {Hesperopence) Mertensiana

Abies {Tsiiga) heterophylla

Abies {Pseudotsiiga) taxijoUa

Abies grandis

Abies amabilis

CUPRESSINE^

Thuja plicata
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Ciipressus nootkatensis

J iinipcnis communis var. siherica

J 11 uipenis scopulorum

It is highly probable that further explora-

tion of the higher mountains of the interior will

reveal from one to three other species, of Abie-

tinecB, as several members of this tribe which

occur as alpine trees in the mountains of the

adjacent mainland have not yet been found in

Vancouver.

No conifer is endemic to the island, and most

of the species recorded above are of very wide

distribution as may be seen from Table I. on

page 139. It will be noted from this table that

the species gradually die out northward. No
species occurs in Vancouver Island which does

not extend southward at least into Oregon either

along the coast, or in the Cascade Mountains.

Nearly all the species extend eastward across the

mountains of the interior of Washinsjton and

British Columbia to the Selkirk Mountains and

other western ranges of the Rocky Mountain

system. Very few of them are found in the

Rocky Mountains south of ^Montana. Several
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species extend southward into the forests of the

Sierra Nevada as alpine and subalpine trees.

One? noticeable fact is that nearly all these trees

are able to withstand considerably more severe

winter conditions than they undergo in Van-

couver Island. vSeveral of them occur far north

along the Alaska coast, while others occur in

the interior mountain districts where the winters

are long and severe.

In this connection it should be noted that the

geographical distrilnition of species appears quite

incom])atible with tlie theory that the present

plants of the region are post-glacial immigrants

either from the south or from the north, though

it is quite ])r()bable that the plants of the north-

ern ])art of the region have emigrated there from

the more southern parts. As it appears im-

possible that there should have been an extensive

post-glacial migration across the Cascade Moun-

tains, the only logical alternative is that the

present Pacific coast forest, at least its southern

half, represents the survival of the pre-glacial

forests of the region. In western Vancouver,

while many of the valleys have been glaciated,
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the ridges facing the ocean show no signs of

glacial action, and there appears to be no reason

why such ridges may not have been forested during

the entire glacial period, just as the hills of the

Alaska coast are forested now, while the valleys

are often filled with glaciers.

In this way fragments of the forests probably

survived at many points along the coast of Brit-

ish Columbia, Washington and Oregon, and

perhaps also at points in the interior, and from

these remnants the present forests have evident-

ly been formed.

In Vancouver Island the conifers are, with

a few exceptions, widely distributed. The two

Junipers are local, one in the dry southeastern

district near Victoria, and the other as an alpine

shrub on the high mountain summits. Abies

Mertensiana is sub-alpine and apparently does

not descend appreciably below three thousand

feet.

The forest of the lowlands of the west coast

is composed chiefly of spruce, western hemlock,

and cedar, with a smaller proportion of Abies

amabilis, yew and white pine, while Pinus con-
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toria is common in certain peculiar situations.

These are the trees which can flourish with the

lowest summer temperatures provided that the

season of growth is sufficiently long. It is not-

able that the three principal species of this for-

mation all extend far north along the Alaska

coast, and the spruce and hemlock are the last

trees to disappear in that direction. The final

limit of the forest in the vicinity of Kadiak island

seems to be due to the lack of a sufficiently long

season of growth, rather than to the winter cold

which is not severe.

The Douglas fir, on the other hand, is es-

sentially a tree which needs considerable summer

heat, though it will withstand more severe win-

ters than the spruce. It is not found anywhere

in Alaska, and although it is very abundant in

the interior of \'ancouver Island and even on the

mountains overlooking the west coast, it does not

flourish on the lowlands close to the ocean and

the occasional specimens which occur there are

small, and oft'er a marked contrast to those which

have developed in the more favorable climate of

the interior.
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Points concerning the local and general dis-

tribution of some of the other species will be con-

sidered in connection with the respective species.

In general it can be said that the conifers of

Vancouver Island occupy at present the regions

which are best adapted climatically to the in-

dividual species, and this can often be shown by

a comparison of their local occurrence with their

general geographical range. While some species

may be slowly increasing their range, the whole

Pacific coast forest region appears to be in a

remarkable state of stability, and except where

it has been interfered with by man, there is very

little tendency for one species to replace another.

The result is that over very wide areas the forests

are practically identical in composition wherever

the same climatic conditions obtain. Even

where the forests have been burned or cleared

the land becomes rapidly reforested with the

same species wherever the burning or clearing

is not sufficiently thorough and widespread to

destroy the source of seed supply.

In the following pages descriptions are given

of all the species of conifers known to occur in
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Vancouver Island, with notes concerning their

distribution in the forests of the southwestern

parts of the island. Brief descriptions are given

also of those conifers which from their general

range will proljably be found in the mountains

of the island. For a key for the recognition of

the genera from non-fruiting specimens see

page 205.

FAMILY TAXACE^.
Trees or shrubs with dicccious or very rarely

monoecious llowcrs, the staminate often cone-like,

terminal or axillary, solitary or in few-flowered

clusters, composed of an axis bearing stamens,

witli or without sterile basal scales; pollen sacs

commonly two on each stamen, rarely three to

eight. Pistillate flowers usually solitary, axil-

lary, seldom cone-like, composed of a longer or

shorter axis, bearing one to many one- (or rarely

two-) ovuled carpels, sometimes with sterile

basal scales resembling the carpels, or the w'hole

flower reduced to a single ovule terminating a

short scale-bearing axis; ovules generally naked,

projecting, often much exceeding the carpels,

erect or more or less inverted. Seeds usually
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naked, drupaceous or with a hard testa sur-

rounded by a more or less free, cup-like, fleshy

aril.

A family comprising about ten genera and

one hundred species, mostly inhabitants of the

southern hemisphere, and of southeastern Asia

and the adjacent islands. Besides the following,

only the closely allied genus, Torreya, occurs in

extra-tropical North America.

Taxus Linnaeus, Sp. PI. 1040. 1753.

Flowers dioecious, the staminate solitary,

axillary, short-stalked, wath basal scales; stamens

six to fourteen, peltate, each with six to eight

coherent pollen sacs. Pistillate flower in the

axil of the uppermost scale of a short scale-

bearing, axillary branchlet, solitary, consisting

of an axis bearing three pairs of decussate in-

volucrate scales, and a single terminal, erect,

naked ovule sessile upon an annular accrescent

disc which in fruit becomes a fleshy cup-shaped

aril nearly inclosing the woody seed.

Evergreen trees or shrubs with spirally in-

serted short-petioled, flat, linear leaves, which by

the twisting of the petioles come to lie distich-



148 IP s t e I s i a

ously on the lateral branches. About seven

species, inhabitants of the north temperate zone,

differing somewhat from one another in leaf

characters and considerably in habit of growth,

but otherwise so slightlv that thev have all been

described as subspecies of the typical species,

TaxKs buccaUi L., the European yew.

Taxus brcvijolia, Nuttall, Sylva, 3:86.1849.

Yew.

A small or moderately large tree with long,

slender, erect-spreading or horizontal branches;

leaves above dark yellowish-green, below paler,

linear, al)ruptly mucronate, 1.5-2.5 centimeters

long, about 1.5 millimeters wide, with slender

petioles 1-3 millimeters long; branchlet bearing

the pistillate ilower 3-5 millimeters long in fruit,

clothed with numerous very small, round-obtuse

scales; seed ovoid, about 5 millimeters long,

vaguely 2-4 angled above. Northern British

Columbia to central California, eastward to

to western Montana.

A slow'-growung tree with a trunk seldom over

eight decimeters thick, or often a large shrub of

irregular grow'th. The bark of the trunk is thin
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and purple in color and falls away in scales, so

that in old trees it is marked with broad, shallow

depressions. It, however, always maintains a

very smooth surface. Despite this fact, in the

damp Vancouver forests the trunk and branches

of the yew are nearly always covered with a

very heavy growth of mosses and lichens, often

to a much greater extent than those of other trees

with rougher bark.

Fruiting specimens of this tree may be read-

ily identified by the peculiar fruits looking, when

half-grown, like minute green acorns, and when

ripe, conspicuous on account of the thick, fleshy,

bright red aril which almost covers the seed.

On account of the twisting of the petioles, the

leaves of this tree appear two-ranked, although

they are inserted spirally. The same character

occurs to a greater or less extent in several other

conifers of the region, but in none of them is it

as perfectly developed as in the yew. In this

respect it is most closely approached by the

western hemlock, from which it may be readily

distinguished by its sharp-pointed leaves, those

of the hemlock being rounded or blunt. More-
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over the foliage of the yew differs from that of

the other conifers of this region in that it con-

tains no resin and therefore is not at all aromatic,

but lias a purely bitter taste.

The wood of the yew is hard, strong, fine-

grained and durable, l)ut on account of the com-

paratively small size of the trees it is little used.

The seedling has two seed-leaves.

fa:\iilv itnace.^

Resinous trees or shrul)s with monoecious or

dioecious axillary or terminal flowers either

solitary or forming inlh^rescences. Staminate

flowers usually cone-like with an elongated axis

bearing the stamens and usually some sterile

basal scales; stamens often leaf-like; pollen sacs

two to many on each stamen. Pistillate flower

cone-like, com})osed of an elongated axis bearing

two to many fertile carpels, with or without

similar sterile scales; ovules one to niany on

each carpel, erect or inverted, provided with

two integuments, seldom exceeding the carpels

and usually concealed by the latter. Seeds

often winged, with a woody or leathery testa,
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without a fleshy outer covering, concealed be-

tween the scales of the woody, fleshy or berry-

like cone.

A family comprising about twenty-five genera

and three hundred species, most abundant in

temperate regions. Four sub-families are rec-

ognized: the Araiicariece, trees of the southern

hemisphere, the TaxoidecB, trees of southern and

south-western North America, southeastern x\sia

and Tasmania, and the two sub-families, Abie-

tinecc and Cuprcssinea: described below.

Sub-Family Abietine^

Leaves spirally arranged. Pistillate cones with

two kinds of scales, borne in pairs, spirally ar-

ranged upon the axis, each pair consisting of a

carpel or bract scale (commonly referred to as

the bract), bearing in its axil the usually larger

placental scale (commonly referred to as the

scale) which in turn bears two inverted ovules

on its upper side.

Trees with linear or acicular foliage leaves,

"needles", which may be obviously spiral in

their arrangement, or may be apparently two-

ranked as a result of the twisting of the petioles,
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or may be crowded together into fascicles borne

on special dwarf l:)ranches.

The Ahictinece are widly distributed through

the boreal regions, the north temperate zone,

and the adjacent mountainous parts of the

tropics. From five to nine genera and about

130 species are recognized. Almost two-thirds

of the species, representing all but one of the

genera, inhabit the Pacific slopes of North

America and Asia.

The following is a synopsis of the North

American genera of Abietinece.

A. Shoots of two sorts, long and dwarf; leaves

of dwarf shoots fascicled.

a. Only scale-leaves borne by the long shoots;

foliage leaves persistent, in fascicles of

2-5 (rarely i or 6). Cones ripening the

second year; cone-scales more or less

thickened at apex. Piniis

b. Foliage leaves deciduous, borne singly on

the long shoots; those of the dwarf shoots

forming large fascicles. Cones ripening

in one season; cone-scales thin. Larix
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B. Twigs of only one sort, leaves evergreen, not

fascicled; cones ripening in one season.

Abies

Piniis Linnaeus, Sp. PI. 1000. 1753. in part.

Evergreen trees with two kinds of leaves, the

primary scale-like, not green, deciduous, scat-

tered and spirally arranged upon the long shoots

of tlie plant, each having in its axil a dwarf

shoot which bears a fascicle of 2-5 (rarely i, 6

or 7) acicular foliage leaves surrounded by a

sheath of scale-leaves. Flowers monoecious, the

staminate with basal involucre-like scales, fas-

cicled at the base of the young shoots of the

year; stamens numerous, spirally arranged;

anther sacs two, parallel, longitudinally dehis-

cent, surmounted by a transverse, sub-orbicular

crest, or by a knob; pollen grains with two

bladder-like appendages. Pistillate flowers sol-

itary or clustered, lateral or subterminal; the

scales much longer than the bracts; cones ripen-

ing at the close of the second season or later,

woody, variously shaped, often very large, the

scales more or less thickened and callous at the

tips. Seeds destitute of resin vesicles, usually
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winged. A genus of about seventy species,

widely distributed throughout the north tem-

perate zone and adjacent mountainous parts of

the tropics. The greater number of species is

found in the warmer parts of the range, over

one-third of the known species occurring in

southwestern North America. The extensive

pine forests of more northern regions are com-

posed of comparatively few species. Only two

pines are known to occur in Vancouver Island,

while a third may grow in the more mountain-

ous parts of the island.

Two sections of the genus Piniis are rec-

ognized.

Section i. Pinaster. Endlicher, Synops. Conif.

166.1847. emended.

Apophysis of the cone-scale much thickened,

more or less pyramidal with a central umbo.

Foliage leaves in fascicles of one to five, usually

with a persistent sheath of scales.

Leaves in groups of two. Pinus contorta

Piniis contorta Dougl., Loudon, Arb. Brit.

4:2292 1838. Scrub Pine.

A small tree with stout branches often form-
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PLATE XII.—Pinus contorta growing in Sphagnum swamp.
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ing a round or irregularly flattened top, or often

dwarf and shrubby; foliage leaves in clusters of

two, dark green, semi-cylindrical with concave

nner faces, 3-6 centimeters long, about i milli-

meter wide, acute, and very minutely serrulate;

cones often clustered, oval or subcylindrical,

not deciduous; cone-scales hard, woody, thin,

the exposed end slightly thickened and armed

with a long slender somewhat recurved, finally

deciduous spine; seeds about 2 millimeters long,

with thin wings about i centimeter in length.

Along the coast from Alaska to northern Cali-

fornia and eastward to the Cascade range.

Farther east it yields gradually to the variety

Murrayana, which is one of the most abundant

trees in the more arid forest regions of the in-

terior from northern British Columbia to Colo-

rado and the mountains of southern California.

In western Vancouver Island, this species is

found as a low contorted shrub along the edge

of the forest next to the ocean, and as a small

irregular, flat-topped, slow-growing tree in the

sphagnum bogs of the forest region. It seldom

reaches a height of ten meters and it is often
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much smaller. It begins to flower and to bear

fruit when it is only a few centimeters high. The

ripe cones usually persist in an unopened con-

dition and are frequently seen attached to the

older branches and even to the trunks of the

trees. The bark of the older trunks is thick,

rough and furrowed both vertically and hori-

zontally.

The variety Murrayana, the lodge-pole pine

of the interior, is a straight, slender, narrowly

conical, thin-barked tree, often 30 meters high,

with leaves wider than those of the type. In-

tcrgrading forms connect these extremes.

Section 2. Strobiis. Spach. Hist. Nat. Veg.

Phaner. 11:394.1842. emended.

Apophysis of the cone-scale not pyramidal,

furnished with a terminal umbo. Foliage leaves

in fascicles of five, with a usually deciduous

sheath of scales.

Cones 12-25 centimeters long, cylindrical,

ends of the scales little thickened, wing of

seed longer than the seed. Piniis monticola

Cones 4-8 centimeters long, their scales much
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thickened, terminating in short, incurved

triangular tips. Pinus albicaulis

Pintis monticola Douglas ex Lambert gen.

Pinus. Ed. 1.3: pi. 87. 1837. White Pine.

A tree 30 meters or more in height, with com-

paratively slender spreading branches; foliage

leaves in fascicles of five, triangular, rigid, mi-

nutely serrulate, bluish-green, glaucus,5-io centi-

meters long; cones cylindrical, 12-30 centimeters

long, their scales but slightly thickened at the

end, tipped with a small umbo, widely spread-

ing after the discharge of the seeds; seeds about

I centimeter long, with wings about 3 centimet-

ers in length. Vancouver Island and the southern

mainland of British Columbia, southward and

eastward to Montana, Idaho and the Sierras of

central California.

A large tree with a trunk from one to two

meters in diameter. Young trees have pale gray

bark, which is often covered with small balsam

blisters similar to those which commonly occur

on young balsam fir trees. With age the bark

becomes thicker, reddish-brown and rugose. The

arge cones fall after the seeds are scattered and
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are conspicuous objects beneath the trees.

Throughout the greater part of its range, Pinus

montkola grows at high altitudes, reaching up

to ten thousand feet in California, but in south-

western Vancouver Island it grows sparingly

throughout the coast forest and is often abund-

ant a short distance back from the shore at an

altitude of about five hundred feet. Even at

this altitude the summer fogs are much lighter

than ui)on the shore, and the summer days are

trenerallv warmer. Trees close to the ocean are

usually somewhat stunted in growth.

Pill us alhicaiiUs Engclmann, Trans. St. Louis

Acad. 2:209. 1863.

A small alpine tree with stout flexible

branches; foliage leaves in fascicles of five, stout,

rigid, dark green, acute, 4-7 centimeters long;

cones dark purple, oval or subglobose, hori-

zontal, sessile, 4-9 centimeters long; cone-scales

much thickened, terminating in stout incurved

triangular tips; seeds 1.5 centimeters long, fall-

ing without any attached wing. In the high

mountains of British Columbia south of latitude
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53°; thence southward to Wyoming and the

Sierras of southern California.

This tree is not reported from Vancouver

Island, but as it grows in the adjacent Coast

ranges of the mainland, it may occur in the high

mountains of the northern and central parts of

the island.

Larix Adanson. Fam. PL 2:480. 1763.

A genus differing from Pin us chiefly in the

cones, which ripen the first year and have un-

thickened scales, and in the leaves, which are

deciduous, scattered and spirally arranged on

the long shoots of the tree, crowded and forming

many-leaved fascicles on the dwarf shoots.

Three species occur in North America, none of

which is reported from Vancouver Island. One,

Larix laricina (Du Roi) Koch., a swamp.

inhabiting tree of northeastern North America,

finds its western limit in the Rocky Mountains of

northern British Columbia and the Yukon re-

gion; one, Larix occidentalis Nuttall, is a large

tree of the semi-arid region east of the Cascade

Mountains; the third, Larix LyaUii Parlatore,

an alpine tree occurring near timber line in the-
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mountains of southern British Columbia, Al-

berta and the adjacent parts of the United States,

may possibly be found in the high mountains of

northern Vancouver Island.

Abies. Adanson. Fam. PL 2:480. 1763.

Evergreen trees without special dwarf leaf-

bearing shoots. Leaves flat or more or less quad-

rangular, sessile or short-petioled, spirally ar-

ranged but often twisted so as to appear more

or less two-ranked. Flowers monoecious, term-

inal or in the axils of leaves of the previous

season's growth; the staminate pedicelled, com-

posed of numerous spirally arranged stamens,

with basal involucred scales; anther sacs two,

surmounted by an orbicular or knob-like ap-

pendage; pollen grains with or without bladder-

like appendages. Fruit a more or less woody

cone, maturing in one season, its scales not

thickened nor callous at the tips, the upper and

lower scales of the cone commonly smaller than

the others and sterile. Seeds winged.

A genus of about fifty species, natives of the

boreal and north temperate regions and the ad-

jacent mountainous parts of the tropics. About
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eighteen species occur in western America and

about the same number in eastern Asia. The

species may be grouped into several fairly dis-

tinct sections which are often recognized as

genera. The relationship of these sections is,

however, so complicated and the genera as cur-

rently recognized are so unsatisfactory that it

seems best to include them all under the genus

Abies. *

Synopsis of American sections of Abies.

A. Twigs roughened by the persistent leaf bases

(sterigmata), cone-scales persistent, longer

than the bracts. -

a. Leaves sessile, quadrangular or flattened,

resin ducts of leaves lateral, cones axil-

lary or terminal. Picea

b. Leaves with a single median resin duct,

petioled, cones terminal,

aa. Leaves quadrangular, without pal-

isade tissue. Hesperopeiice

bb. Leaves flat, with palisade tissue.

Tsuga

* See note on page 207.
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B. Twigs with or without sterigmata, leaves flat,

petioled, furnished with lateral resin ducts,

cones axillary, pendulous, cone-scales per-

sistent, shorter than the bracts. Pseudolsuga

C. Twigs without sterigmata, marked with cir-

cular leaf scars, cones axillary, erect, cone-

scales deciduous from the persistent axis.

Eu-Abies

Section i. Picca. Link. Abhand. Akad. Berlin.

179.1827. 1830. as genus. Spruce.

Leaves quadrangular or flattened, seldom

twisted so as to appear two-ranked; leaf bases

becoming woody and persistent as prominent

sterigmata; resin ducts of leaves lateral, two or

sometimes only one or none; leaves stomatiferous

on all four sides, or in species with flat leaves

mainly on the morphologically upper side.

Flowers terminal, or in the axils of the upper

leaves of the growth of the previous year. Stam-

inate flower with a short, or occasionally a long

slender pedicel; anther sacs opening longitudin-

ally, surmounted by an orbicular toothed crest;

pollen grains with bladder-like appendages.

Pistillate flower erect, short-stalked, with bracts
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PLATE XIII.— Tideland spruce
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at first exceeding but soon exceeded by the scales.

Fruit a woody pendulous cone; cone-scales long-

er than the bracts, persistent after the fall of the

seeds; seeds without resin vesicles.

About sixteen species, inhabitants of north

temperate and boreal regions, most abundant in

western North America and eastern Asia.

Leaves flattened, whitish on upper side,

bright green on under side, branchlets glabrous.

Abies sitchensis

Leaves quadrangular, blue-green, branchlets

pubescent Abies Engelmanni

Abies sitchensis (Bongard) Lindley and Gor-

don, Journ. Hort. Soc. Lond. 5 :2i2.i85o. [Picea

sitchensis (Bongard) Carriere]. Tideland Spruce.

A large tree with a thick, strongly buttressed

trunk; leaves flattened, acute or acuminate,

silvery white and stomatiferous on the mor-

phologically upper side, bright green on the mor-

phologically lower side; branchlets glabrous;

cones pendant, cylindrical-oval, 6-10 centimeters

long, 2.5-4 centimeters thick; their scales thin,

lustrous, pale brown, oblong-oval, erose-denti-

culate above the middle. Near the coast from



i68 IP s t c I s i a

the shores of the Gulf of Alaska to northern

California.

This spruce is the most characteristic tree of

the Pacific coast forest, growing throughout

almost the entire length of the region, but never

occurring far from the ocean. It cannot endure

extremes of summer heat or winter cold, Imt

under the peculiar conditions which obtain along

the Alaska coast, it reaches the extreme limit of

tree growth in that direction. It forms one of

the largest trees in the forests of western Van-

couver Island. Specimens sixty meters high,

with trunks two meters in diameter are not rare

and not infrequently these dimensions are con-

siderably exceeded. Under adverse circum-

stances it can, however, maintain life for a long

time with very little increase in size, and curious-

Iv dwarfed specimens have been found growing

in crevices in the rocks of the upper beach near

the Minnesota Seaside Station.* In one case a

tree less than a foot in height was found to have

an age of ninety-eight years. The western hem-

* MacMillan, C. Note oa some Briiish Cjlumbia Dwarf trees.

Bot. Gaz 38.379. 1904.
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lock and white cedar are also sometimes

similarly dwarfed, but less frequently and less

perfectly than the spruce.

This spruce is readily distinguished from the

other forest trees of the region by its bark, its

foliage and its cones. The moderately thin bark

varies from grey-brown to bright red-brown in

color. That of young trees is moderately

smooth, reddish-brown, and sometimes shows

resin vesicles like those of balsam firs. The sur-

face of the bark becomes cracked in older trees

and drops ofT in the form of scales which leave

shallow, concave scars. The bark does not be-

come deeply furrowed nor shredded. The lead-

ing shoot of a young tideland spruce is very

stiffly erect and fast growing. The twigs of the

lateral branches are usually somewhat drooping.

The leaves may be somewhat two-ranked, or

may project ecjually in all directions about the

stem. They are generally slightly twisted so as

to bring the dark green lower side upwards to-

wards the light. The leaves differ greatly in

form and size even on the same tree, being some-

times narrow and sharply acuminate and some-
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times, especially on vigorous well-lighted

branches, large, wide and almost obtuse. The

cones are borne on the upper branches of the

tree. The unripe cones are pale yellow or

ruddy, the ripe cones a glistening grayish-brown.

They fall soon after the discharge of the seed

and are conspicuous beneath the trees. The

bracts of the mature cones are fairly conspicuous,

aljout one-half the length of the scales, ob-

lanceolate, serrate above, slightly acuminate.

The scales are very thin and flexible. The seeds

are small and long-winged. The seedling has

usually five needle-like somewhat glaucous seed-

leaves.

The wood of the tideland spruce is light,

soft, and straight-grained. It is used consider-

ably for lumber.

Abies Engelmanni Parry. Trans. St. Louis

Acad. 2:122.1863. [Picea Engelmanni (Parry)

Engelmann.] Engelmann Spruce.

A large tree, or in high alpine situations a

shrub; leaves soft and flexible, strong-smelling,

blue-green, c|uadrangular, with stomata on all

sides; branchlets pubescent; cones oblong,
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cylindrical or oval, their scales truncate or acute

at the apex, or obovate and rounded, erose-

dentate or entire; seeds black, about half as

long as their broad oblique wings.

Not reported from Vancouver Island, but

possibly occurring on some of the higher moun-

tains. This is the common spruce of the in-

terior, occurring in the Rocky, Selkirk and

Cascade Mountains of British Columbia and

southward to New Mexico, Arizona and Oregon.

It can be readily distinguished from the tideland

spruce by its pubescent twigs and quadrangular

leaves, which have a strong disagreeable odor.

The cones of the two species are very similar,

and despite the difference in foliage, mistakes

in identification appear not to be rare.

Section 2. Hesperopeuce Lemmon, Report

California State Board Forestry. 3:126.1890.

as genus.

Leaves narrowly linear, slender-petioled, in-

serted upon small persistent, woody sterigmata,

spirally arranged, spreading, stomatiferous on

all sides, without palisade tissue, with abundant

hypodermal sclerenchyma, and with a single
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median resin duct close to the hypoderm. Stam-

inate flower axillary or terminal, subglobose with

an elongated drooping pedicel; stamens short-

stalked, globose; anther sacs opening trans-

versely, surmounted by a short gland-like skin;

pollen grains with bladder-like appendages.

Pistillate flower sessile, terminal at the end of a

short, leafy branchlet, the bracts exceeding the

broad scales. Fruit a woody, pendulous or

erect cone; cone-scales much larger than the

bracts, jjersistent after the fall of the seeds;

seeds furnished with resin vesicles.

This subgenus includes only the following

species which is often included under Tsitga,

from which it differs in the form and structure

of the leaves, the pollen grains with bladder-

like api)endages, and the long bracts of the

pistillate flower.

Abies Mcrtcnsiana (Bongard) Lindley and

Gordon, Journ. Hort. Soc. Lond. 5:211.1850.

^Abies Pattoniana Jeffrey ex A.Murray. 1853.]

\Tsuga Mertensiana (Bongard) Sargent].

[Tsiiga Pattoniana (Jeffery) Seneclauze].

Mountain Hemlock. Patton Spruce.
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An alpine tree with slender, often drooping

branches and short, stout, erect branchlets;

leaves crowded, extending out from the twigs

in all directions, not flattened, stomatiferous on

all sides, 1-2 centimeters long, obtusely pointed

at the apex; cones 2-8 centimeters long, oblong

cylindrical, sessile at the end of short leafy

branchlets, pendulous or erect, purple or some-

times pale yellow-green; cone-scales oblong-

ovate, longer than broad; seeds about 3 milli-

meters long with large resin vesicles and long

wings. From Alaska southward along the moun-

tain ranges to the southern Sierra Nevada and

eastward in the high mountains of the interior

of British Columbia, Idaho and Montana.

This tree usually occupies alpine regions

near the limit of tree growth. It has been found

on some of the higher mountains of southern

Vancouver Island. On Mt. Edinburgh, near

Port Renfrew, it occurs only close to the summit,

not descending below three thousand feet. In

the extreme northern part of its range it descends

to sea-level and occurs in Alaska almost as far

northwest as the tideland spruce and as it is able
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to withstand much more severe winter cold than

the latter tree, it reaches farther inland in the

northern part of its range. This tree differs

entirely from the true hemlocks in its appearance.

Its stout twigs with their thick, bluntly pointed,

closely packed leaves projecting in every di-

rection from the stem, gives it the appearance of

some species of balsam hr, and the likeness is

em])hasized in many cases by the erect cones

whicli, however, are not axillary, but terminal on

short lateral leafy branchlets.

Sargent (*) has pointed out that both this

tree and the following grow in the vicinity of

Sitka, and that the Piints Mcrtaisiana oi Bon-

gard, collected on Baranoff island, is undoubt-

edly this species and not the following, as has

been generally assumed.

Section 3. Tsiiga. Carriere. Traite Conif. 185.

1855. in part, as genus.

Leaves flat, narrowly linear, slender pctioled,

inserted upon small persistent woody bases,

spirally arranged and apparently two-ranked by

the twisting of the petioles; leaf with stomata

* Sargent C. S. Sylva. 12:75. 1898.
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on the under side, palisade tissue above and a

single median resin duct between the vascular

tissue and the lower epidermis. Staminate

flower axillary or terminal, subglobose, with an

elongated drooping pedicel; stamens short-stalk-

ed, globose; anther sacs opening transversely,

surmounted by a short, gland-like spur; pollen

grains without bladder-like appendages. Pis-

tillate flower terminal, erect, short-stalked or

subsessile, the scales exceeding the bracts.

Fruit a woody, pendulous, or rarely erect cone;

cone-scales much larger than the bracts, per-

sistent after the fall of the seeds; the outer coat

of the seeds furnished with resin vesicles.

Six closely related species, natives of tem-

perate North America, Japan and the Himalayas

Abies heterophylla Rafinesque, Atlantic

Journal, i iiig. 1832.

{Tsiiga heterophylla (Rafinesque) Sargent].

VTsuga Mertensiana (Gordon not Bongard)

Carriere] Western Hemlock.

A large tree with slender, usually pendulous

branches and very slender pubescent twigs;

leaves distichous, flat, dark green and conspic-
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uously grooved on the upper side, pale below,

rounded at the apex, 5-20 millimeters long, with

long and short leaves intermingled on the same

twig; cones oblong-oval, sessile, 2-3 centimeters

long, their scales thin, flexible, longer than

broad, often abruptly contracted below the

middle; seeds about 3 millimeters long, with

few resin vesicles and long narrow wings. Alaska

to central California, eastward to the Rocky

]\Iountains of British Columbia and Montana.

Enduring without injury greater extremes of

both licat and cold than the tideland spruce,

the western hemlock ranges higher on the moun-

tains and much farther into the interior than

the latter tree. It is not, however, so well

adapted to the short cold summers of the Alaska

coast, and does not extend as far westward as

the spruce. It is one of the most abundant trees

of southern Vancouver Island, forming every-

where a large, and often the predominant ele-

ment in the mixed forest of the low country near

the coast. It is usuallv a somewhat smaller tree

than the tideland spruce when the two are grow-

ino; together under similar circumstances. Its
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bark is at first thin and somewhat scaly, but on

old trees it becomes from one to two inches

thick, deeply furrowed and rugged. The foli-

age is easily recognized. The growth of the

current season is of a very bright fresh green

color, the older leaves are dark and glossy on

the upper side, glaucous beneath. The leaves

are small, flat and very unequal in size, and the

longer and shorter leaves are intermingled. The

leaves are petioled, and as in the yew, they are

twisted so that they lie almost in one plane.

Young trees of this species can be distinguished

even at a considerable distance by their peculiar

drooping leading shoots which are in marked

contrast with the stifily erect leading shoots of

the spruce and balsam fir. The small, drooping

terminal cones are very abundant. Before ma-

turity they are greenish tinged with purple;

when mature they are of a soft grayish-brown

color. The wood of this tree is superior to that

of other species of hemlock. It is used for piles

and lumber. The bark is rich in tannin and is

used for tanning.
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Section 4. Pseudotsiiga. Carriere, Traite Conif.

ed. 2. 256. 1867. as genus.

Leaves flat, narrowly linear, slender petioled,

spirally arranged, but somewhat two-ranked by

the twisting of the petioles; leaf scars concave,

transverselv elliptical, not ])romincnt, or raised

on more or less prominent woody sterigmata;

leaf grooved above, with a ])r(jminent midrib

below, stomatiferous on under side, furnished

witii two lateral resin ducts. Staminate flower

axillarv, oblong-cylindrical, with a short pedicel

which finally becomes considerably elongated;

stamens short-stalked, globose, their anther sacs

opening o1}liquely, surmounted by a short spur;

pollen grains without bladder-like appendages.

Pistillate flower in the axil of one of the upper

leaves of the growth of the previous season,

short stalked, with aristate, two-lobed bracts,

much exceeding the scales. Fruit a woody

pendulous cone; cone-scales not deciduous from

the axis; bracts much exserted, long acuminate

and with two prominent lateral lobes, the lower

bracts showing a gradual transition to the form



IP s t e I s t a i8r

of ordinary foliage leaves; seeds without resin

vesicles, winged.

Three closely allied species, two of western

North America, one of Japan.

Abies taxijoUa (Lambert) Poiret, Lamark.

Diet. 6:523. 1804.

[Pseudotsuga taxijoUa (Lambert) Britton] Doug-

las Fir, Red Fir, Douglas Spruce.

A large tree with a massive trunk; leaves

1.5-3.5 centimeters long, flat, petiolate, usually

rounded and obtuse at the apex; cones oval-

cylindrical, 4-11 centimeters long, with woody,

broadly ovate scales, and much exserted, deeply

lobed bracts; seeds about 5 millimeters long,,

with narrow oblique wings about i centimeter

long. From central British Columbia and Alberta

southward to central California and along the

Rocky Mountains to Texas, Arizona and Mexico.

The Douglas fir is one of the largest forest

trees of America, being exceeded in height and

massiveness of stem only by the Sequoias. It

reaches its maximum development in western

Washington and southwestern British Columbia,

where trees of this species are often sixty meters.
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high, with scarcely tapering trunks two or three

meters in diameter at the base. The bark of this

tree, at first smooth and thin, becomes in old

specimens, three decimeters thick and very

deeply fissured, falling off in scales which often

collect at the base of a large tree in a mound a

meter or more high. The foliage has the gen-

eral appearance of that of a spruce, but the

spray is more often somewhat flattened, and is

much softer to the touch than that of the spruces.

Tlie leaves arc short-j)etiolcd and flattened and,

unlike the spruces and hemlocks, are persistent

in drying. They are inserted on woody mounds

of elliptical outline, which vary considerably in

prominence in different si)ecimens, so that some-

times a twig from which the leaves are removed

is as rough as in Tsuga, and sometimes as smooth

as in Abies. The cones of the Douglas fir are

very characteristic, like spruce cones in their

general appearance, but more woody and mark-

ed by the very long, exserted, three-pointed

bracts. The cones fall from the trees soon after

they have discharged their seeds.

The Douglas fir is very abundant in Van-
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couver Island, except close to the sea along the

west coast, where it is rare and seldom reaches

large size. A few miles inland, however, it

grows to magnificent proportions.

Section 5. En-Abies

Leaves linear, flat or rarely tetragonal, sessile

or short-petioled, spirally inserted, but on later-

al branches usually twisted into a somewhat

two-ranked arrangement, without sterigmata,

leaving circular scars when they fall from the twig,

persistent in drying, furnished with two lateral

resin ducts. Bark of young tree usually smooth

and with numerous resin vesicles, that of older

trees often thick and rugose. Flowers axillary.

Staminate flower composed of numerous short-

stalked stamens, pendulous, oval or oblong, with

a slender, often much elongated pedicel; anther

sacs opening transversely or obliquely, sur-

mounted by a short knob-like projection or a

more or less orbicular crest; pollen grains with

bladder-like appendages. Pistillate flower short-

stalked, erect, usually situated upon the topmost

branches of the tree, the bracts much exceeding

the scales. Fruit an erect cone, the bracts longer
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or shorter than the scales; cone-scales deciduous

from the axis which persists for a long time.

Seeds with conspicuous resin vesicles, winged.

A grou}) of aljout twenty-five somewhat di-

verse species, mostly inhabiting the mountainous

regions of the north temperate zone and the ad-

jacent tropics. Over half the species occur on

the Pacific slopes of North America and Asia.

Onlv two species of Ru-Abies are reported from

X'ancouver Island, but it is highly probable that

a third sjiccies occurs there, and the presence of

a fourth species is {){)ssible.

Bracts of mature cone shorter than the scales,

leaves flat.

Resin ducts of leaves within the paren-

chvma, leaves blue-green and glau-

cous, cones medium sized.

Abies lasiocarpa

Resin ducts of leaves close to the lower

epidermis.

Bracts of cone oblong or obcordate,

with an abruptly acuminate apex.

Cones medium sized.

Abies grandis
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Bracts of cone oblong-ovate or rhom-

boidal, gradually narrowed into a

long slender tip. Cones very

large. Abies am ahHis

Bracts of mature cone longer than the scales,

exserted, leaves tetragonal or flattened

and grooved above. Abies nobilis

Abies lasiocarpa (Hooker) Nuttall, Sylva. 3:

138. 1849. Balsam Fir.

A tree with thin, smooth, pale gray bark,

becomins: somewhat thickened and roughened

with age; leaves crowded, spreading, blue-green,

flat, grooved above, usually rounded at the apex,

acute on cone-bearing branches, 1-4 centimeters

long, stomatiferous on both sides, with resin

ducts enclosed by the mesophyll; cones purple,

oblong-cylindrical, 6-10 centimeters long, the

scales two to three times as long as the erose,

obtuse or truncate, abruptly acuminate bracts;

seeds about 5 millimeters long, with broad pur-

ple wings. Coast mountains of Alaska, east to

the Rocky Mountains, and south to Oregon,

Colorado and Arizona.

This tree has not been reported from Van-
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couver Island, but as it occurs in the coast ranges

of the mainland and in the Olympic Mountains,

it will almost certainly be found on the high

mountains of the interior of the island. It is

an alpine tree, growing with Picea Eiigelmanni

and Tsitij^ii Mertensiana. It has usually a re-

markably narrow, spire-like form, but near

timber line it is frequently reduced to a matted

shrub less than a meter high.

Abies grandis Lindley. Penny Cycl. 1:30.

1833. White Fir.

A tall, somewhat slender tree with leaves

dark glossy green above, silvery white beneath,

two-ranked and somewhat remote on sterile

lateral branches, more crowded on leading

shoots and fertile branches, rounded, notched,

or sometimes pointed at the apex, 2-5 centimeters

long; cones cylindrical, 5-8 centimeters long,

2.5-4 centimeters thick; cone-scales thick, two

to three times as long as the obcordate, laciniate,

abruptly mucronate bracts: seeds about i centi-

meter long, with wide wings about i . 5 centi-

meters long. Along the coast from Vancouver

Island to northern California, eastward to

Montana.
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This tree is reported from Vancouver Island

by G. M. Dawson (*). It apparently does not

occur in the vicinity of Port Renfrew.

Abies amahilis (Loudon) Forbes. Pinetum

Woburn. 125. pi. 44.1839. White Fir.

A tall tree with a straight, slender trunk and

pale bark; leaves dark glossy green above,

silvery white beneath, flat, grooved on the upper

side, rounded, notched or sometimes acute at

the apex, short petiolate and twisted at the base,

somewhat two-ranked except on leading and

fertile branches, 1-5-3 centimeters long; cones

oblong, dark greenish purple, puberulous, 8-15

centimeters long, about 5 centimeters wide;

cone-scales broad cuneate, exceeding the oblong-

ovate acuminate bracts; seeds about 12 milli-

meters long, with wide oblique wings. Southern

British Columbia, Washington and Oregon,

along the Cascade mountains and westward to

the ocean. Largely subalpine.

This is the common balsam fir in south-

western Vancouver Island where it grows abund-

antly from sea level up to the summits of the

* Dawson, G. M. Can. Nat. N. S. 9:326.
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highest mountains. Near the sea it often forms

groves of almost pure growth, tlie trees standing

close together, and having very tall slender

trunks, a1)out a meter in diameter at the base,

and often unljranched up to a height of thirty

meters or more. At an altitude of three thou-

sand feet it is a comparatively small tree often

clothed with branches to the base. The bark

of young trees is thin, very smooth and almost

white, witli numerous balsam blisters. In old

trees it is apt to become thickened, dark and

somewhat rough. The foliage appears very

different on the u])])er and lower branches of

tlie tree. Except on fertile and leading shoots

tlie leaves are twisted into a somewhat two-

ranked arrangement. The leaves on the under

side of the twigs spread laterally, exposing the

lower side of the stem. On the lower branches

the leaves along the upper side of the twig are

small and a])])ressed, so that the spray appears

flat. On the upper branches, however, the

leaves along the upper side of the twig are long

and spreading and the spray is bushy and semi-

circular in section. The leaves are very per-
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sistcnt and in some cases remain upon the tree

for over twenty years. This tree may be dis-

tinguished from Abies grandis by its much larger

cones, with ovate-oblong bracts which taper to

a narrow point (those of Abies grandis are trun-

cate and abruptly mucronate), and by its shorter,

more crowded leaves.

The distribution of this tree is somewhat

peculiar. In western Vancouver it occurs at all

altitudes, reaching its best development, how-

ever, close to the sea level. In the western part

of the Olympic peninsula it also occurs at low

altitudes, but elsewhere it is confined to the

mountain slopes, ranging in the Cascade Moun-

tains from about one thousand to six thousand

feet above sea level. It appears to be a tree

of great hardiness, flourishing under a variety

of climatic conditions, but unable to endure the

hot and dry summers of the lowlands about

Puget Sound. That its geographical range

should be the most limited of any conifer found

upon Vancouver Island must be due to the slow-

ness of its distribution owing to its heavy seeds

which remain attached to the cone-scales until
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after they have fallen. The ground beneath

old trees is commonly well covered with seed-

lings, but they are rarely seen at any distance

from the parent trees.

Abies uobilis (D. Don) Lindley, Penny Cycl.

1:30.1833.

A tree with large cones, the spatulate bracts of

which are much exserted, and blue-green leaves,

tetragonal and grooved along the upper sides,

occurs in western (Jrcgon and northward into

the Olympic Mountains, and along the Cascade

range to Mt. Baker. It is not reported from

Vancouver Island, and probably does not occur

there.

SUB-FAMILY CUPRESSINE^.

Foliage and floral leaves opposite or in

wdiorls, or the foliage leaves very rarely scattered

on sterile shoots; often heterophyllous. Flowers

solitary; staminate flower consisting of an axis

bearing four to eight whorls of stamens, each

stamen having three to five pollen sacs; pis-

tillate flower consisting of an axis bearing one

to few whorls of fertile carpels, often with other

whorls of specialised sterile scales above or below
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the carpels; carpel bearing one to many erect

ovules near its base; the upper side of the car-

pel outgrowing the lower side in ripening, and

displacing the original apex so that in fruit it

appears as a boss upon the back of the cone-

scale. Fruit a woody cone, or drupaceous or

berry-like.

Evergreen trees and shrubs of wide geograph-

ical distribution. The following genera oc-

cur in Vancouver Island and the adjacent re-

gions.

Cones woody, elliptical, scales overlapping,

Thuja

Cones woody, spherical, scales peltate

Ciipress us

Cones fleshy and drupaceous or (in all

American species) berry-like.

Juniperiis

Thuja. Linnaeus, Sp. PI. 1002. 1753.

Aromatic trees with distichous branchlets,

flattened twigs, and imbricated, appressed di-

morphic, scale-like leaves, the lateral leaves of

the twigs conduplicate, carinate, overlapping

the flat leaves of the dorsal and ventral ranks,
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or on leading shoots all four ranks similar,

slightly carinatc, with spreading tips. Flowers

monoecious, minute. Staminate flower consist-

ing of two or three pairs of decussate stamens

borne on a short axis; stamens peltate, anther

sacs two to four, longitudinally dehiscent. Pis-

tillate llower of four to six pairs of decussate,

erect, oblong scales, the central or lower ones

fertile, each bearing at its base two to four erect

•orthotropous ovules. Fruit ripening the first

season, woody or leathery; cone-scales oblong,

with a small boss on the l)ack near the tip, the

fertile scales largest, each bearing one to four

seeds.

Four species, two of North America and two

of eastern Asia. Only the following occurs in

western Xorth America.

Thuja plicata D. Don. ex Lambert, Pin.

1824. Cedar.

A large tree with short horizontal branches

often pendulous at the extremities, distichous

branchlets and deciduous spray; leaves 2-6 milli-

meters long, scale-like, usually acute, eglandular

or conspicuously glandular, dimorphic on all
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but leading shoots; wood dull red, very fra-

grant; cone 12-15 millimeters long, usually with

six fertile scales each bearing two or three seeds;

cone-scales conspicuously mucronate; seeds

about 5 millimeters long, with lateral wings.

Alaska to northern California, eastward to the

Rocky Mountains of British Columbia and

Montana.

Thuja plicata is abundant throughout the

Vancouver forest especially at low altitudes. It

is one of the largest trees of the region. Al-

though it is not as tall as the spruce and Douglas

fir, it exceeds them in trunk diameter, which

is not infrecjuently five meters at the base. Its

trunk tapers rapidly, however, while those of

the spruce and fir are almost columnar.

This tree may be readily distinguished from

all the other conifers of the region, with the sin-

gle exception of Cupressiis nootkatensis, by its

small, scale-like leaves and flat spray. Its bark

is smooth and cinnamon red in young trees,

becoming gray and shredded with age, and

separating from the trunk in long strips. The

wood is of a dull reddish brown color and con-
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tains much volatile oil which gives it its charac-

teristic odor. It is coarse-grained and splits

readily, and is much used in the manufacture

of shingles. The oil is antiseptic and preserves

the wood from decay so that sound cedar logs

of very great age are often found lying among

and under the living trees of the forest.

Thuja seedlings, as is common among the

Cuprcssiiiccc, ha\e s])reading, acicular leaves

which are verv unlike the adult foliage. These

leaves are 3-10 millimeters long and are ar-

ranged in decussate whorls of three or occasion-

ally of four. Xot infrequently one of the leaves

of a whorl is dis])laced slightly above the others,

and this seems to be uniformly true in the case

of a leaf in the axil of which stands a lateral

branch. Foliage of the mature form generally

appears on some of the side shoots produced

during the second year's growth of the seedling,

but the leading shoot maintains the juvenile

form of foliage for several years.

Ciipressiis. Linnaeus, Sp. PL 1002. 1753.

Evergreen trees with small, scale-like, de-

current leaves, and monoecious flowers. Stam-
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inate flower terminating a leafy branch, con-

sisting of an axis bearing numerous decussate

pairs of stamens; stamens orbicular, subpeltate,

with two to six pollen sacs. Pistillate flower

terminal on a short leafy branch, consisting of

an axis bearing whorled or decussately opposite

carpels; carpels subpeltate, the middle or upper

ones fertile, bearing one to many ovules. Fruit

globose, woody, the scales peltate with thick

distal ends formed principally from the greatly

enlarged upper side of the carpel, and bearing

a prominent central boss, the original apex of

the carpel.

A genus of about eighteen species divided

into two sections, Eii-Cupressus and ChamcB-

cyparis. Only the latter is represented in north-

western North America. Four species of Eu-

Cupress us occur in California and Arizona.

Section Chamcccyparis. Spach. Hist. Veg. Phan.

11: 329. 1842. as genus.

Branchlets distichous, twigs somewhat flat-

tened, leaves four ranked, dimorphic, those of

the lateral ranks conduplicate, folded over the

almost flat leaves of the dorsal and ventral ranks,
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or on leading shoots the twigs terete, leaves

similar and with slightly spreading tips. Car-

pels opposite, decussate, one-to five-ovuled.

Fruit ripening the lirst season.

This section differs from Eii-Cu pressiis in its

r//;//a-like foliage, its few-ovuled carpels, and

in llic fact that its fruit ripens the first season.

It has frequently been recognized as a distinct

genus, but the differences are not as marked as

those which exist between the subgenera of

J Kill perns, and do not appear sufficient to give

generic rank to this group.

Five species of North America and Japan.

Cnpressus nootkatensis 'La,mhert, Pinus. 2:18.

1824.

[Chamacyparis nootkatcnsis (Lambert) Spach.

Hist. \'eg. 11:333.1842.] Yellow Cypress.

Yellow Cedar.

A tree with horizontal branches, stout, dis-

tichous, terete or slightly flattened twigs, and

deciduous spray; leaves four-ranked, scale-like

acute or acuminate, 2-10 millimeters long, usual-

ly eglandular, dimorphic on the smaller twigs;

cones spherical, 7-12 millimeters in diameter,
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dark reddish-brown, glaucous, with four to six

scales, each furnished with a prominent, erect,

pointed boss; seeds two to four on each scale,

about 5 millimeters long, with large lateral wings.

Southern Alaska to Oregon, mostly at high

elevations in the Coast and Cascade Mountains.

Common in southeastern Vancouver Island at

elevations above one thousand feet.

A tree of moderate size resembling Thuja

plicata in foliage. The two can be readily dis-

tinguished by the fruit, and with little difficulty

by a close examination of the foliage. The

branchlets of this tree are much less flattened

than those of Thuja plicata, the leaves of the

four ranks are more nearly alike in form, and

all the leaves, especially those of the leading

shoots, are more pointed than in that tree. Both

species have aromatic foliage, but their odors are

entirely different. The smell and taste of the

foliage of this Cupressus approximate much

more closely to some of the species of Juniper

than to Thuja.

The seedlings of this species, like those of

Thuja plicata, have spreading acicular leaves
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arranged in whorls of three or four. They re-

tain this juvenile form much longer than the

seedlings of Thuja, and it is not uncommon for

young ])lants 20 centimeters high to show little

trace of tlie mature form of foliage.

The wood of this cypress is light yellow,

very even grained and fragrant. It is one of

of the hnest woods i)roduced in this region, and

should be as valuable as the red cedar of the

eastern United States.

Jiinipcrus. Linnieus, Sj). PI. 1038. 1753.

Trees or shrubs with aromatic wood. Leaves

spreading, linear subulate, or scale-like and

appressed. Flowers minute, usually dioecious,

axillary or terminal on short axillary branches.

Staminate flower consisting of an axis bearing

opposite or ternately whorled peltate stamens,

each with two to five pollen sacs. Pistillate

flower consistinc; of an axis bearing three to six

opposite or ternately whorled carpels, often with

modified sterile scales at the base. Fruit fleshy,

berry-like or drupaceous.

A genus of about thirty species which form

three well-marked sections. Of these the two

following are represented in America.
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Section Oxycedrus. Endlicher, Syn. Conif. 8.

1847-

Leaves ternately whorled, linear-subulate,

spreading, jointed to the stem. Flowers ax-

illary, the staminate solitary, with numerous

minute sterile scales below the opposite stamens.

Scales of the pistillate flowers ternately whorled;

ovules three, alternate with the scales of the

distal whorl, their tips enlarged and exserted.

Fruit with one to three free seeds. Eight or

ten species. Only the following with its varie-

ties is found in North America.

Juniperus communis Linnaeus, Sp. PI. 1040.

1753-

Juniper.

A small tree, or a more or less dwarf shrub,

often forming dense mats about one meter high

and four meters or more in diameter; leaves

5-20 millimeters long, 1-2 millimeters wide,

ternately whorled, spreading almost at right

angles to the stem, linear lanceolate, sharply

acuminate, dark green on the lower side, white

glaucous above; scales of pistillate flower ter-

nately whorled, the distal whorl becoming fleshy
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and coalesceiit in fruit; fruit ripening the third

year, subglobose, bright blue, one to three seed-

ed. Throughout the cooler parts of the north-

ern hemisphere.

Jiiniperus communis L. var. sihirica (Brugs-

dorf) Rydberg. Contr.U. S.Nat. Herb. 3:533.1896.

[Jiinipenis nana Wildenow.]

[J II niperns communis L. var. alpina Wahlen-

berg.]

A dwarf traih'ng slirulj with leaves 5-10 milli-

meters long, 1.5-2 millimeters wide, less acute

than in the type.

This is the common form of Junipcrns

conuunnis in the northern parts of its range

and in alpine regions. Although the extreme

forms of the species and of this variety appear

very distinct, there are so many intermediate

forms that it appears better not to separate

them specifically.

The alpine variety is reported by Macoun

from Mts. Benson, Mark and Arrowsmith, and

doubtless occurs commonly among the higher

mountains of A^ancouver Island. It is very
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abundant in the high ranges of eastern British

Columbia.

Section Sabina. Haller ex Ruppins, Fl. Jen.

ed. 2, 336.1745 as genus.

Leaves mostly scale-like, appressed, or in

young plants and especially in vigorous shoots

of old plants spreading, acicular, not jointed at

the base. Flowers terminal on short leafy

branches. Pistillate flower of two or three

whorls of scales, the distal whorl usually sterile,

each of the scales of the other wdiorls bearing

one or two erect ovules at its base.

Juniperiis scopitlorum Sargent. Sylva of N.

A. 13:93.1902. Red Cedar.

A small tree with an irregularly round-topped

head; twigs slender; leaves opposite, acute, en-

tire, glandular, scale-like and closely appressed;

scales of pistillate flower opposite, the three

distal pairs becoming fleshy and completely

coalescent in fruit; fruit usually two-seeded

ripening the second year, bright blue, about i

centimeter in diameter; seeds ovate, acute, prom-

inently grooved and angled. The eastern

foothills of the Rocky Mountains, westward to
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the coast of British Columbia, Washington and

Oregon.

This is the western red cedar closely re-

sembling the eastern Juuipcrus virginiana L.

It differs from the latter in its stouter branch-

lets and in having fruit which ripens the second

year, while that of Juiiipcriis virginiana ripens

the first year.

This is evidently the tree which is reported

in Macoun's (*) Catalogue under the name of

Junipcriis arc idenial is Hooker, as occurring on

rocky points of Vancouver Island and small

islands in the Culf of Georgia. I have seen no

specimens of Junipcrus scopulorum from Van-

couver Island, but specimens which I have ex-

amined from San Juan Island, Washington,

belong to this species, f

* MacouD, J.
Cat. Can. PI. 1:463.1883.

f Two species of arborescent savin-leaved Junipers occur in the

northwestern United States and it is possible that both are found in

the interior of British Columbia. One, considered by Sargent to be

the fiiuipous occidentalis of Hooker, is a tree with stout, terete

twigs; leaves usually in threes, but occasionally even on the same

plant in twos, minutely serrulate, conspicuously glandular; fruit

large, its flesh filled with resin glands. This species is distributed

generally at high altitudes from Idaho and eastern Washington south.

ward through the basin region to the California Sierras. It does not
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A Kev to the Genera of Conifers found in

northwestern North America, based upon their

foliage. *

I. Foliage of linear or acicular leaves, i. e.

"needles.

"

A. Foliage leaves, or some of them, borne in

fascicles on dwarf branches.

a. Leaves not deciduous, all the foliage

leaves borne in fascicles of 2-5.

Piniis p. 153.

b. Leaves deciduous, arranged spirally

upon the long shoots of the sea-

son's growth and in crowded fas-

occur westof the Cascade Mountains. The other is the species described

above. These two species have been badly confused by collectors.

It does not appear entirely certain which of these is Hooker's Jim-

iferus occidentalism which was founded by him upon two non-fruit-

ing specimens collected by by Douglas "from the higher parts of

the Columbia, at the base of the Rocky Mountains." Hooker states

that his species has four-ranked leaves, but his note after the descrip-

tion indicates that he had the Idaho-California species, especially as

he states that there is a large gland on each leaf constantly exuding

a transparent resin which concretes in drops upon the foliage,—

a

character which is often very prominent in that species, whereas the

leaf gland of Juniperus scopulorum Sargent, is small and not resin-

secreting.

*This key is based upon the foliage of the mature plants. Dur-

ing the first few years of the plant's growth its foliage often differs

entirely from the mature form. No attempt has been made to in-

clude these seedling characters.
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cicles on dwarf branches on the

older parts of the tree.

Larix p. i6i.

B. Foliage leaves all spirally arranged upon

the ordinary branches, often twisted so

as to appear two-ranked.

a. Leaves non-resinous, with little odor

when bruised and with a purely

bitter taste. Leaves mucronate,

twisted so as to appear two-ranked

Taxus p. 147.

b. Leaves resinous, aromatic or strong

smelling when bruised; taste other

than purely bitter. Abies p. 162.

C. Foliage leaves in whorls of three.

Jiiniperus (Sect. Oxycedrus) p. 201.

Foliage wholly or largely of closely appressed

opposite or whorled scales.

A. Spray not flattened, scale-leaves not het-

eromorphous, leaves of strong growing

twigs sometimes acicular.

Juniperus (Sect. Sahina) p. 203.

B. Spray flat (i. e. the twigs of a branch all

in the same plane), scale-leaves hetero-
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morphous, four-ranked, those of the

upper and lower ranks almost flat,

those of the lateral ranks abruptly fold-

ed over the others.

Thuja p. 191. and Cupressiis (Sect.

ChamcEcyparis) p. 197.

Note on the Taxonomy of the genus Abies.

The genus Abies as here defined has the

limits assigned to it by Tournefort * and

Adanson. f

Table II. shows seventeen of the chief points

of disagreement between species of this genus

and the occurrence of these characters in those

sections of the genus which contain any American

species. Below is given a summary of the num-

ber of these points in which species of the same

or different sections agree with one another.

Picea.
Hesper-
opeuce.

Tsuga.
Pseudo-
tsuga.

Eu-Abies.

Picea

Hesperopeuce

Tsuga

Pseudotsuga.

.

Eu-Abies ....

..14-17

.7^-"

•55^-7

16-17

11-13

3%~m

5-9^
11-13

15-17

7^-101.^

5^^-7

16-17

6-13

6-13

10—17

* Tournefort. Institutiones. 585. pi. 353,354. 1700.

t Adanson, Fam. PI. 2:480. 1763.

X The agreement of a constant character with an individually in-
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It is to be noted that no section is incom-

plete internal agreement, even Hesperopeuce

which is monotypic, varying in the position of

the cones in different individuals.

Tsuga and Pseiidotsuga are both small and

uniform groups of species, but Tsuga shows con-

siderable variety in the vascular bundle of the

leaf, and in Pseiidotsuga the leaf insertion,

which has long been considered a very important

character taxonomically, varies greatly even in

the same species, so that in this respect, some

specimens of Abies (Pseiidotsuga) taxifolia agree

with Tsuga, and others with Eu- Abies.

Picea shows great variation in the shape and

structure of the leaf, but is otherwise very un-

iform, while Eu-Abies which likewise has great

variation in leaf form, shows also considerable

variation in the staminate flower, and in the

relative length of the scales and bracts of the

constant one, such as the terminal cones of Tsuga with the terminal

or axillary cones of some species of Picea, is counted as one half

agreement. When, however, some individuals of a species differ

from others, as different individuals of Abies mertensiana differ in

the position of the cones, it is considered an occasional complete
agreement, and is reckoned as o-i.
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cone. Indeed there is considerably more varia-

tion within Ell- Abies than between Pseiidotsuga

and the more closely related species of En- Abies.

Hesperopeiice stands almost intermediate be-

tween Picea and Tsuga, and similarly Pseiido-

tsuga stands between Tsuga and Abies, but the

artificiality of uniting Hesperopeiice and Pseudo-

tsuga with Tsuga, as was done by Eichler in

Engler and Prantl's Pflanzenfamilien, is seen

when the two former sections are compared

with one another. There are scarcely two more

unlike sections in the entire genus.

The section Keteleeria, embracing one or

more peculiar Chinese trees, stands also in many

respects intermediate between Abies and Tsuga,

but it differs from all the other sections in its

peculiar staminate inflorescence.

Although the general relationship of the

sections seems best expressed by the arrange-

ment adopted in the body of this article, with

Picea at one extreme and Eu- Abies at the other,

there are several peculiar points to be noted.

Thus in the form of the pollen grains, Tsuga

and Pseudotsuga stand together as contrasted



IP 06 t e Isia 211

with all the other sections. In the position of

the cones, Eu-Abies and Pseiidotsuga have

lateral cones, Tsuga and Hespcropeuce terminal,

and Picea stands intermediate with usually

lateral but sometimes truly terminal cones. In

the presence of resin vesicles upon the seeds,

Hesperopence and Tsuga agree with Eu- Abies,

while Pseiidotsuga and Picea agree in their

absence.

Botanical opinion has varied greatly as to

the generic value of the various groups of the

Abieiinece. Many botanists, including Linnaeus

and Parletore, in De Candolle's Prodro-

mus, have embraced all the species of this tribe

in the single genus Pinus. On the other hand,

all the sections of Abies mentioned above have

been recognised as genera together with Larix,

Cedrus, Pseudolarix and several segregates from

the true pines. It is to be noted that several

of the groups like Picea and Tsuga were de-

scribed as genera at a time when the AbietinecB

of western North America and eastern Asia

—over two-thirds of the species—were poorly

understood and many of them almost or quite
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unknown. In the light of further knowledge

of these forms, it has been necessary to greatly

modify the original definition of the groups,

while the distinctions between them have be-

come mucli more vague and indefinite than

they were formerly supposed to be.

In the light of these facts, it has seemed

best to give Abies its wide significance, rec-

ognising as sections of this genus several groups

of plants which are currently considered genera.

Larix, Pseudolarix and possibly Cedrus also,

are regarded as small genera very closely allied

to Abies, but differing from it in a somewhat

more marked manner than the sections of Abies

differ from one another, while Pinits is a second

large and complicated genus clearly distinct

from Abies.
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i^cpaticac of Bancoutcr 3!j3IaiiD.

Alexander W. Evans.

Apparently the first Hepatica: recorded from

Vancouver Island were those collected by Dr.

David Lyall in 1858 and 1859. These are

listed in Mitten's " Bryologia of the Survey of

the 49th Parallel of Latitude"* and include

three species, Jungermannia ventricosa, Mado-

theca iiavicidaris, and FruUania Tamarisci.

The first two of these species are now known

to be abundant on the island. FruUania Ta-

marisci, on the other hand, has not been sub-

sequently collected in the Pacific Coast region,

and it is probable that Lyall's specimens would

now be referred to the closely related F. nis-

quallensis.

In 1875 and again in 1887 much larger

collections were made by Professor John Ma-

coun, and these were supplemented by a

series of specimens collected by Dr. G. W.

* Jour. Linn. Soc. Bot. S: 12—55. //. j

—

S. 1865.

215
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Dawson in 1885. These three collections are

reported upon by Pearson in his ''List of

Canadian Hepatica?," published in 1890.*

Fifty-five species in all are here recorded from

Vancouver Island. Certain of these records,

however, should be omitted or revised, in some

cases because based on doubtful determina-

tions, in other cases because the c^uoted speci-

mens were not collected upon Vancouver

Island itself but upon one of the neighbouring

islands. INIaking tlie necessary subtractions

forty-four species are left, about which there

can be but little doubt.

In 1893 a third collection was made by

Professor Macoun and sent to Professor L. M.

Underwood for determination. The report of

this collection appeared nine years later in

Macoun's "Catalogue of Canadian Plants,"

Part VII. t It is supplemented by the earlier

records made by Pearson and raises the num-

ber of Vancouver Island hepatics to sixty-six.

Making the necessary subtractions the number

of species should be reduced to fifty-seven.

* Montreal. Geological and Natural History Survey of Canada.

j" Ottawa. Geological Survey of Canada.
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At the suggestion of Professor Conway

MacMillan, in 1901, 1902, and 1903, important

collections were made in the vicinity of Port

Renfrew by Miss Gertrude Gibbs, JNIr. S. A.

Skinner and Miss Daisy Hone, respectively.

These were sent to the wTiter for determina-

tion. The first of these collections proved to

be of especial interest and included two new

species, Odontoschisma Gihhsice and Scapania

americana. Both of these species have al-

ready been described and figured, the Odon-

toschisma by the writer* and the Scapania

by Dr. C. Miiller, of Freiburg in Breisgau.f

No records of the remaining species in the

collections have as yet been published.

The list which follows is based on the

Port Renfrew specimens but it includes a re-

vision of the lists published by Pearson and

INIacoun. A very few species collected by Pro-

fessor William Trelease, Mr. J. M. Macoun,

and others are added. Through the kindness

of Professor Macoun it has been possible to

* Bot. Gazette ^6; 341. pi. ig,_f. ^g—j-/. 1903.

t Bull, de I'Herb. Boissier II. j.- 44. 1903. Nova Acta Leop.

—

Carol. Akad. Sj: io\. fl. jgb. 1905.
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examine many of the specimens referred to

in his catalogue, including all of the more

doubtful ones.

RICCIACE^

1. Ricciocarpus nutans (L.) Corda. Lost

Lake, Cedar Hill, Mctoria (Macoun). P. 28,

M. 2.*

MARCHANTL\CE^
2. Targionia hypophylla L. Pier's Farm

and Parson's ^Mountain, near Victoria (Ma-

coun). ]\L 2. Specimens from Vancouver Is-

land arc also cited by Underwoodf and by

Howe, P. 36.1

3. AstcrcUa iiracilis (Web. f.) Underwood.

Comox; Goldstream, near Victoria (Macoun.)

P. 27, M. 2. Also noted by Underwood§ and

by Howe. Another species of this genus, Aster-

ella tenella (L.) Beau v., is also cited by Pear-

son, p. 27. The specimens which he quotes,

* Throughout the paper these abbreviations refer to the pages of

Pearson's "List " and Macoun's "Catalogue", respectively.

t Bot. Gazette 20; 70. 1895.

\ The page-references after Howe's name relate to his "Hepaticae

and Anthocerotes of California." Mem. Torrey Club 7; 1899

§ L. c. 61.
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however, were collected by Macoun on Salt

Spring Island, in the Gulf of Georgia, and

not on Vancouver Island itself. These speci-

mens differ from the true A. tenella of eastern

North America; they are referred by Under-

wood to A. gracilis, but according to Stephani

they represent the type of a new species, which

he names Fimhriaria Macounii.

4. Conocephalum conicum (L.) Dumort.

Comox (Macoun). Port Renfrew (Miss

Gibbs). M. 4.

5. Marchautia polymorpha L. Goldstream

and Cedar Hill, near Victoria (Macoun).

Broughton Strait (Trelease). Port Renfrew

(Miss Gibbs). P. 27, M. 5.

METZGERIACE.E
6. Riccardia latijrons (Lindb.) Parson's

Mountain, Sea's Farm and Cedar Hill, near

Victoria; Comox; Nanaimo (Macoun). Port

Renfrew (Miss Gibbs, Skinner). P. 26, M. 7.

7. Riccardia multifida (L). S. F. Gray.

Goldstream, near Victoria; Comox (Macoun).

Port Renfrew (Miss Gibbs, Miss Hone). P. 26,
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INI. 8. The specimen from Nanaimo, which

Macoun cites, should be referred to R, sinuata.

8. RiccanUa palmata (Hedw.) Carruth.

Comox (Macoun). P. 26, INI. 7. The Cedar

Hill specimen, c|uoted by Macoun, represents

a form of R. lafijrons.

9. Riccardia suiuata (Dicks.) Trevis. Na-

naimo (Macoun). M. 7 (as Aneiira pijinatifida).

The specimens cited by Macoun belong to

R. muJtifida. The widely distributed R. pin-

giiis is also recorded from Vancouver Island by

Pearson and by ^lacoun. A specimen from

Comox, however, kindly sent for examination,

is a sterile Pcilia.

10. ]\Ictz;j!^crla conjugata Lindb. Gold-

stream, near \'ictoria; Qualicum; Comox (Ma-

coun). Blankensop Bay (Dawson). Port Ren-

frew (Miss Gibbs, Skinner). P. 27, M. 6.

Four other species of Metzgeriacece have

been reported from Vancouver Island by Ma-

coun, but all must be considered more or less

doubtful. These four species are the follow-

ing: Pellia cpiphylla, P. endividjolia, Blasia

pusilla, and Fossomhronia pusilla. The Blasia
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is not mentioned in the catalogue but is distri-

buted in Canadian Hepaticae, No. 96. These

specimens are correctly determined, but the

label reads ''on earth along roadsides in Gaspe;

also at Sproat Lake, near i\lberni, Vancouver

Island, Aug. 12th, 1887." It is not quite cer-

tain, therefore, where they were collected. The

three remaining species were all determined

from sterile specimens. A second species of

Fossombronia, F. Iongiseta, is noted by Pear-

son, p. 25. His specimens, however, came

from Salt Spring Island and not from Vancouver

Island itself. See M. 9.

JUNGERMANNIACE.E

11. Gymnomitriiim ohtiisiim (Lindb.) Pear-

son. jNIt. Benson, near Nanaimo; Pier's Farm,

near Victoria; Mt. Mark, near Qualicum (Ma-

coun). INI. 10. The specimens of G. concin-

natum, P. 25, M. 10, should apparently be

referred to this species.

12. Marsiipella emarginata (Ehrh.) Du-

mort. Goldstream, near Victoria; Mt. Benson,

near Nanaimo; Mt. Mark, near Qualicum
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(Macoun). Port Renfrew (Miss Gibbs). P. 25,

M. II.

13. MarsiipcUa sparsijolia (Lindb.) Du-

mort. Nanaimo; l\It. Arrowsmith (Macoun).

P. 25, M. 12.

14. Nardia crcnulata (Smith) Lindb.

Victoria; Shawnigan Lake (Macoun). M. 13.

15. Nardia ohovata (Nees) Carr. Port

Renfrew (Miss Gibbs).

16. Nardia scalaris (Schrad.) S. F. Gray.

Near Nanaimo (Macoun). Port Renfrew (Miss

Gibbs). P. 24, ]\L 12. Macoun's specimens

arc also quoted by Howe, P. gi.

17. Gyrolhyra Underwoodiana AL A. Howe.

Port Renfrew (Miss Gibbs, Skinner).

18. J ungermannia atrovirens Schleich.

INIt. Quest and Goldstream, near Victoria;

Union Mines, near Comox; Shawnigan Lake

(Macoun). Most of the specimens listed under

/. piimila (M. 15) and /. riparia (P. 20, M.

15) should be referred to this species.

19. Jiingermannia lanceolata (L). Sea's

Farm, near Victoria (Macoun). M. 15.

20. Jungermannia sphcerocarpa Hook.
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Near Victoria (Macoun). M. 14. The speci-

mens cited from Shawnigan Lake belong to

/. atrovirens.

21. Jamesoniella autumnalis (D.C.) Steph.

Union Mines, near Comox (Macoun). P. 20,

M. 13. The specimens from the same locality,

referred by Macoun to Jungermannia pumila,

also belong here.

22. Lophozia alpestris (Schleich.) Evans.

Parson's Mountain, near Victoria (Macoun).

The specimens from Mt. Mark, which are cited

by Pearson and Macoun, belong rather to

L. ventricosa.

23. Lophozia Floerkii (Web. f. & Mohr)

Schiffn. Mt. Benson, near Nanaimo; Mt.

Mark, near Qualicum; Mt. Arrowsmith (Ma-

coun). Port Renfrew (Skinner). P. 22, M. 21.

24. Lophozia incisa (Schrad.) Dumort.

Esquimau, near Victoria; Comox (Macoun).

Port Renfrew (Miss Gibbs). P. 22, M. 15.

25. Lophozia inflata (Huds.) M. A. Howe.

Port Renfrew (Skinner, Miss Hone).

26. Lophozia Kunzeana (Hiiben.) Evans.
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Victoria (INIacoun). These specimens are listed

under L. harhata by Macoun, P. 20.

27. Lophozia Iycopodhides (Wallr.) Cogn.

Port Renfrew (Skinner).

28. Lophozia porphyrolenca (Nees) Schiffn.

Sea's Farm, near Victoria (Macoun). These

specimens are referred to L. excisa by Macoun,

p. 19.

29. Lophozia ventricosa (Dicks.) Dumort.

Without definite locality (Lyall). Parson's

Mountain, near \'ictoria; Union ^Nlines, near

Comox; Mt. Mark, near Qualicum (Macoun).

Port Renfrew (Skinner). P. 23, M. 16.

30. Sphenolohiis ovatiis (Dicks.) Schiffn.

Port Renfrew (Skinner). The closely related

Diplophyllum argcntciim and also Sphenolohiis

Helleriainis are recorded by Pearson from

Vancouver Island, pp. 16 and 17. According

to ^Macoun's Catalogue, however, the specimens

which Pearson cites were collected in other

parts of British Columbia.

31. Plagiochila asplenioides (L.) Dumort.

Near Victoria; Mt. Arrowsmith; Mt. Mark,

near Qualicum; Union Mines, near Comox
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(Macoun). Port Renfrew (Miss Gibbs). P. 19

(under P. porclloldes), M. 24.

32. Mylia Taylori (Hook.) S. F. Gray.

Port Renfrew (Miss Gibbs, Skinner, Miss Hone).

2,^. Lophocolea citspidata (Nees) Limpr.

Cedar Hill and Sea's Farm, near Victoria;

Comox (Macoun). Port Renfrew (Miss Gibbs).

M. 26. The specimens from the same local-

ities, cited under L. hidentata by Pearson and

Macoun, should also be referred to L. ciis-

pidata.

34. Chiloscyphus polyanthus (L.) Corda.

Sea's Swamp, near Victoria; Mill Stream, near

Nanaimo; Comox (Macoun). Port Renfrew

(Miss Gibbs). P. 18, M. 26. A second species

of this genus, C. pallescens, is quoted by Pearson

and also by Macoun from Comox (as C. ad-

scendens). Unfortunately these specimens have

been lost, so that the citation cannot be verified.

35. Harpanthus Flotowianus Nees. Co-

mox (Macoun). This species is not accredited

to Vancouver Island by either Pearson or

Macoun.

36. Geocalyx graveolens (Schrad.) Nees.
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Goldstream, near Victoria; Comox (Macoun)

P. 13, M. 28.

37. Ccphalozia hicuspidata (L.) Dumort.

Mt. Finlayson, Cedar Hill, Goldstream, and

Sea's Farm, near Victoria; Comox (Macoun).

Port Renfrew (Miss Gibbs, Skinner, Miss

Hone). P. 19 (as C. extensa), M. 29.

38. Ccphalozia divaricata (Smith) Dumort.

Parson's Mountain, Cedar Hill, and Sea's

Farm, near \'ictoria; Comox (Macoun). P. 10,

M. 30.

39. Ccphalozia Iciicantha Spruce. Port

Renfrew (Miss Gibbs, Skinner).

40. Ccphalozia lunidcejolia Dumort. Par-

son's Mountain, Cedar Hill, and Goldstream,

near Victoria; Comox (Macoun). Port Ren-

frew (Miss Gibbs, Skinner). M. 28 (as C.

media). The Vancouver Island specimens,

quoted by Pearson and Macoun under C. caten-

iilafa and C. plcniceps, belong in part to C.

bicuspidata and in part to the present species.

41. Odontoschisma Gibbsice Evans. Port

Renfrew (Miss Gibbs, Skinner). The only

known locality.
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42. Kantia trichomanis (L.) S. F. Gray.

Victoria; Comox (Macoun). Port Renfrew

(Miss Gibbs, Skinner, Miss Hone). Brough-

ton Strait (Trelease). M. 32.

43. Bazzania triangularis (Schleich.) Lindb.

Union Mines, near Comox (Macoun). Port

Renfrew (Miss Gibbs, Skinner, Miss Hone).

P. 8, M. 2>i-

44. Lepidozia filamentosa (Lehm. and Lindenb.)

Lindenb. Port Renfrew (Miss Gibbs).

45. Lepidozia reptans (L.) Dumort. Near

Victoria; Comox (Macoun). Alert Bay (Daw-

son). Port Renfrew (Miss Gibbs, Skinner).

P. 8, M. 34. A third species of Lepidozia,

closely allied to L. setacea, has also been col-

lected at Port Renfrew. Unfortunately the

specimens are all sterile so that they cannot

be definitely determined.

46. Blepharostoma arachnoideum M. A.

Howe. Port Renfrew (Miss Gibbs). The only

other known stations for this interesting spe-

cies are in Mendocino County, California. See

Howe, p. 141.
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47. Blepharostoma trichophylliim (L.) Du-

mort. Port Renfrew (]Miss Gibbs, Skinner).

48. Herhcrta adiinca (Dicks.) S. F. Gray.

Port Renfrew (Skinner).

49. Ptilidiiim calijoni it'll )u (Aiist.) Underw.

and Cook. Sea'.s Farm, near Victoria; Mt.

Benson, near Xanaimo; Union Mines, near

Comox (Macoun). Carmanah Bay (J. M.

Macoun). Broughton Strait (Trelease). Port

Renfrew (Skinner). P. 7, ]\I. 37.

50. Di plo phyllcia albicans (L.) Trevis.

Mt. Benson, near Nanaimo; Mt. Arrowsmith

(]Macoun). Carmanah Bay (J. M. Macoun).

Port Renfrew (INIiss Gibbs, Skinner, Miss Hone).

P. 15, M. 37.

51. Diplophyllcia plicata (Lindb.) Evans.

Port Renfrew (Miss Gibbs, Skinner).

52. Di plophyllcia taxijolia (WahL) Trevis.

Mt. Benson, near Nanaimo (^Macoun). Car-

manah Bay (J. M. Macoun). P. 16, M. 38.

53. Sea pallia amcricana C. ]MuU. Freib.

Port Renfrew (]Miss Gibbs). The only known

station.

54. Scapania Bolanderi Aust. Near Vic-
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toria; Nanaimo; Mt. Mark, near Qualicum;

Mt. Arrowsmith; Comox (Macoun). Alert Bay

(Dawson). Broughton Strait (Trelease). Port

Renfrew (Miss Gibbs, Skinner, Miss Hone).

P. 13, M. 39, Miiller, 186.*

55. Seapan ia dentata Dumort. Without

definite locality (Macoun). Port Renfrew (IMiss

Gibbs). Miiller, 106.

56. Seapania Evansii Bryhn. Mt. Arrow-

smith (Macoun). INliiller, 120.

57. Seapania nemorosa (L.) Dumort. Par-

son's Mountain, near Victoria (Macoun). ]M.

39. The specimen from Mt. Arrowsmith,

quoted by Pearson and Macoun, is referred

by Miiller to S. Evansii; the specimen from

Goldstream, quoted by Macoun, seems to be-

long rather to S. iindulata.

58. Seapania nliginosa (Swartz) Dumort.

Mt. Arrowsmith (Macoun). Carmanah Bay

(J. M. Macoun). P. 14, M. 40, Miiller, 88.

59. Seapania umhrosa (Schrad.) Dumort.

* The doubtful specimens of Scapatiia have been submitted to

Dr. Miiller. The numbers refer to the pages of his monograph

of the genus.
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Sea's Farm, Parson's Bridge, and Coldstream,

near Victoria; Mt. Mark, near Qu alien m;

Como\ (Macoun). Port Renfrew (Miss Gibbs).

P. 15 (as S. convcxa), AI. 41, Miiller, 283.

The specimen from Mt. Mark is also cited by

Howe, p. T 54.

60. Srapiiniii undiilata (L.) Dumort. Gold-

stream, near Victoria; Mt. Arrowsmith; Co-

mox (Macoun). Port Renfrew (Miss Gibbs).

P. 14, M. 40, Miiller, 133.

6t. Radula Bohuidcri Cottsche. Victoria;

Comox (Macoun). Alert Bay (Dawson). Port

Renfrew (Miss Gibbs, Skinner). P. 4, (as

R. spicata), M. 42. Another specimen from

Alert Bay, cited by Pearson and Macoun under

R. iouix, also Ijelongs here. R. Bolanderi is

also (|uote(l from Vancouver Island by Howe,

P- 159-

62. Radula complanata (L.) Dumort. Sea's

Farm, near Victoria; Mt. Benson, near Nanai-

mo (Macoun). P. 10, M. 42.

63. Pordla uavicularis (Lehm. and Lin-

denb.) Lindb. Without definite locality (Lyall).

Victoria; Comox (Macoun). Alert Bay (Daw-
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son). Victoria (Roll).* Broughton Strait (Tre-

lease). P. 6, M. 43.

64. Porella platyphylla (L.) Lindb. Near

Victoria (Macoun). This species is not accred-

ited to Vancouver Island by either Pearson or

Macoun but is cited by Howe.f

65. Porella rivularis (Nees) Trevis. Nccir

Victoria (Macoun). Victoria (Roll).* P. 7

(as P. platyphylloidea), M. 44.

66. Porella Roellii Steph Craigflower, near

Victoria; Mt. Benson, near Nanaimo; Nanaimo

River (Macoun). P. 7 (as P. Bolanderi), M. 44.

Specimens from near Victoria, collected by

Macoun, are also cited by Howe, p. 166.

67. Frullania Bolanderi Aust. Victoria;

Sea's Farm, near Victoria (Macoun). P. 2

(as F. Hallii), M. 45. In all probability the

specimens from Cedar Hill, which Pearson and

Macoun refer to F. eboracensis, represent F.

Bolanderi. Unfortunately these specimens seem

to have disappeared.

68. Frullania calijornica (Aust.) Evans.

* Hedwigia js; 401 1893.

"I"
Bull. Torrey Club 24: 522. 1897.
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Parson's Mountain, near Victoria; Comox;

Nanaimo (Macoun). Port Renfrew (Miss

Hone). P. 3 (as F. Asagrayana, var. calijor-

nica), M. 47, Howe, 174.

69. FruUania jranciscaua ^NI. A. Howe.

Port Renfrew (Miss Gibbs.)

70. FruUania Jiisquallens is Sulliv. Vic-

toria; Mt. Mark, near Qualicum; Comox

(]Macoun). Carmanah Ba}' (J. M. Macoun).

Broughton Strait (Trelease). Port Renfrew

(Miss Gibbs, MacMillan, Skinner). P. 3, M.

47, Howe, 177.

ANTHOCEROTACE^
71. Aiithoceros jusijormis x\ust. Gold-

stream, near Mctoria; Nanaimo (Macoun).

Alert Bay (Dawson). P. 28, M. 48.

It will be seen that the Port Renfrew col-

lections add fourteen species to the hepatic

flora of \'ancouver Island. It is probable,

however, that many interesting forms are still

to be discovered, since more than one hundred

species have already been reported from the

entire province of British Columbia.

Of the seventy-one species already recorded
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from the island, fifty-four are common to Eu-

rope, forty-three to New England, forty-six to

Alaska and forty-three to California. Of the

seventeen species which do not grow in Europe,

two (Diplophylleia plicata and Scapania Bolan-

deri) have been found in Asia, one {Scapania

Evansii) has a rather wide American distribu-

tion, while the remainder seem to be confined

to the Pacific Coast regions of North America.

These include the following: Gyrothyra Under-

woodla )i a, Odontoschisma Gibbsice, Lepidozia fil-

amentosa, Blepharostoma arachnoideum, Ptili-

dium californicum, Scapania americana, Radida

Bolanderi, Porella navicidaris, P. R«llii, Frid-

lania Bolanderi, F. calijornica, F. franciscanay

F. nisqiiaUensis, and Authoceros jiisijormis.
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D. S. Hone

The Helvellineoe listed here were collected

in the western United States and Canada dur-

ing various expeditions to the Minnesota Sea-

side Station. The specimens were preserved

in 2 per cent formaline and 70 per cent alcho-

hol, or were dried. All the species described

are in the collection of the museum and her-

barium of the University of Minnesota.

The following works have been consulted:

Schroeter's generic classification as outlined in

Engler and Prantl, Die Naturlichen Pflanzen-

familien. i': 1894; Dr. H. Rehm's work in

Rabenhorst's Kryptogamenflora. Pilze. i': 1896;

Cook's Mycographia, 1879; Massee's Mono-

graph of the Geoglossaceae, Ann. Bot., 11:225-

307. 1897; 'ilso his British Fungus-Flora 4:

1895; Phillip's Gyromitra gigas (Krombholz)

Cooke. Journ. Bot., 31:129-132. 1893, and

237
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British Discomycetes. 1893; Krombholz,

Schwamme, Part 3. 1834.

Of the seven species listed, four belong to

the Geoglossacccc, two to the HelvellacecB, and

one to the Rhizinacece.

I wish to thank Dr. E. J. Durand of Cornell

University and Dr. H. Rehm of the University

of Miinchen for their suggestions and exchange

of material which aided in making my deter-

minations. I also thank Dr. E. M. Freeman

and Miss J. E. Tilden for their kind super-

vision of the work.

GEOGLOSSACE^

I. Spiithiihiria clavata (Schaeff.) Sacc.

]\Iichelia 2:77. 1880.

Laggan, Alberta, Canada. Aug., 1903

Hone 259.

Laggan, Alberta, Canada. Aug., 1905,

Holwav.

On ground among moss under spruce and

balsam trees at about 7,000 feet elevation.

Caespitose, gregarious, erect; pileus yellow-

ish to fles-h-colored; stipe lighter tan, pruinose;
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spores needle-shaped, multiseptate, 45-58 x

2 mic.

2. Mitrula musicola Henning. Oefvers. af

K. Vet.-Akad. Forh. 1885.

Laggan, Alberta, Canada, Aug., 1903.

Hone 257.

Growing upon Webera nutans Schreb. in

moist spruce and balsam woods at about 7,000

feet elevation.

Caespitose, erect; pileus yellowish to tan-

colored, obtuse, slightly Morchella-like, with

a tendency to be ribbed or rugose, glabrous,

about 4 mm. long; stipe lighter colored to

whitish, glabrous, solid, about 10 mm. long;

spores elliptical, bent, non-septate, colorless,

in two rows in ascus, up to 10-12 x 2-3 mic;

paraphyses filiform, up to 2 mm. broad.

This seems to be M. musicola Henning

rather than M. rehmii Bresad. on account of its

smaller size and only slightly rugose pileus. Dr.

Rehm considers that it is either M. musicola

Henning or M. gracilis Karst., but he prefers

the former.
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3. Mitriila laricina ( Villa rs) INIassee.

Monogr. Geog. Ann. Bot. 11:271.

1897.

Minnesota Seaside Station, Port Ren-

frew, Vancouver Island, B. C, July

1903. Butters.

Growing in wet humus on bank of brook.

Pale yellow, erect; pileus club-shaped, in-

flated, j)ruinose, gelatinous-cartilaginous, 2 cm.

in width; stipe yellowish to whitish, brittle,

hollow, glabrous, erect, 3 cm. long by 3 mm.

wide; spores elliptical, obtuse, hyaline, up to

12x3 mic; ])araphyses slender, septate, up

to 2 mic. wide.

4. Cudonia circinans (Pers.) Fr. Summa
\^eg. Scand. 348. 1849.

Laggan, Alberta, Canada. Aug., 1905.

Holwav.

On ground among mosses, common in

spruce and balsam woods at about 7,000 feet

elevation.

Gregarious, erect; pileus with free margin,

involute, glabrous, variable in color, tan to

dingy yellow; stipe even, twisted, having ribbed
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appearance when dried, up to 4 cm. in height,

5 mm. in width

RHIZINACE.T.

5. Rhizinia inflata (Schaeff.) Karst. Rev.

Mon. 112. 1885.

Minnesota Seaside Station, Port Ren-

frew, Vancouver Island, B. C. Dec.

1903. J. E. Tilden.

Growing on the ground.

Prostrate, undulate, irregular in outline,

brownish black; spores oblong, acute with a

knob on each end, containing two oil globules,

hyaline, 30-60 mic. x 8-10 mic.

HELVELLACE^

6. Helvella infula Schaeffer. Icon. Fung,

pi. 159. 1763.

Laggan, Alberta, Canada. Aug. 1903.

Hone 260.

Balton, Lake MacDonald region, Colo.

U. S. x\. Aug. 1903. Policy 63.

Laggan, Alberta, Canada, Aug. 1905.

Holway.

On ground in spruce and balsam woods.
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Alberta specimens were found at about 7,000

feet elevation.

Solitary or gregarious, caespitose, small to

large; 4 cm. to 8 cm. high; pileus cinnamon

brown to brownish black above, whitish beneath;

stipe light tan to whitish, finely pubescent;

spores elliptical, obtuse, smooth, 18-24 ii"iic-

X 8-12 mic; paraphyses clavate, septate,

branched, l)r()\vnish, about 4 mic. wide.

Certain of these specimens contain an abund-

ance of SpJucronamccmclhi hclvclhc Karst. to

which the dense i)ubescence of the stipe is due.

I also find the spermatia to be ultimately uni-

septate as I found in all Minnesota specimens.

Karsten's descriptions (Hedwig. 23:18. 1884),

however, give "spermatia simplicia."

7. Gyromitra phillipsii Mass. Brit. Fungi.

Fl. 4:478- 1895.

Balton, Lake ]\IacDonald region, Colo.,

U. S. A. July, Aug. 1903. Policy

64.

Growing upon water-soaked logs and stumps.

Gregarious or solitary, small to very large,

from 15 cm. to 60 cm. in height and up to 60 cm.
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in diameter; pileus very irregular, wrinkled and

contorted, waxy, very brittle, pearly-white be-

neath, grayish to brownish above; stipe lacu-

nated towards the base, hirsute at base and

brownish,^ towards the top pearly-white and

glabrous, hollow, irregular; spores elliptic, con-

tinuous, obtuse, hyaline, smooth, with com-

monly two small oil drops one at each end,

or one large central drop, 12-16 x 6-7 mic;

paraphyses clavate, septate, rarely branched,

up to 10 mic. at tip.

The material described here was collected

by Miss Jessie Policy and all data and field

notes were obtained directly from her. No
complete specimen was preserved, but large

portions were broken off from both stipe and

pileus and preserved in 2 per cent formaline.

There is a decided difference between the

figures of G. gigas as figured by Krombholz

and by Cooke. The former shows the sporidia

to be elliptical (pi. 20. fig. 1-5), and he describes

them as "spores magnis ovalibus." Also, "Die

Sporen selbst sind gross unci vollkommen oval."

The latter, on the other hand, figures fusiform

spores (Mycogr. fig. 327) and gives dimensions
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32 X 10-12 mic. Dr. Rehm, (Krypt. Fl. 1:1193.

1896) describes G. gigas as follows: "Sporen

breit spindel-formig, einzelig mit einen grossen,

centralen iind jc einem kleinen Oeltropfen

in den Ecken, dann an jcdcn Ende mit einem

warzenformigen Anlangsel, farblos, 30-40 mic.

lang., 12-14 riiic. breit" (p. 11 74. f. 5).

Schroeder's and Massee's descriptions agree

with Rehm's.

Although tlie Colorado material agrees in

all respects with that identified by Phillips as

G. gigd-'^, (Journ. Bot. 31:129. 1893), it does

not seem to l)e identical with Kromholz' plant,

Helvella gigas (G. gigas), differing in color,

size, and size of spores. Also, his specimens

were collected in April and May, while the

Colorado form occurred in August. Likewise,

the habitat is different, the one growing upon

wood, the other upon the ground.

Therefore, I agree with ]Massee in his inter-

pretation (Fl. 4:478. 1895), considering that

this specimen is identical with that of Phillips.

"I consider the plant noted by Phillips as a

previously undescribed species remarkable for

tis great size as also for its very small spores."
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Benfretuia partula, a iSeto lelp from

Bancoutcr 3!3Slant).

Robert F. Griggs

The kelp described below was discovered at

the Minnesota Seaside Station, Port Renfrew, B.

C, in August, 1905. It is quite common in the

vicinity of the station but has escaped observation

largely because of its small size which caused

it to te mistaken for a juvenile form of some

other species. When first recognized as distinct

it was thought to be a Laminaria but was soon

seen to be distinct from that and all other gen-

era of kelps. Xo more fitting name could be

given to the new genus than one derived from

Renfrew, the District of the island in which

the station is located where so much work has

been done on algae, especially the kelps.

I desire here to express my thanks to Miss

Josephine E. Tilden of the University of Min-

nesota for assistance rendered in looking up

literature on the related forms.

247
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RENFREWIA GEN. NOV.
Holdfast simple, discoid, ivithout haptera

arising on the stipe; sari extremely irregular;

tissues little differentiated; lamina plane, entire,

without prolijerations, unbranched. This genus

is separated from Laminaria because of its

simple discoid holdfast without haptera which

toiijether with its small size and evident sim-

j)licity of structure marks it as one of the most

primitive of kelps. The absence of branching

ha|)tera arising around the primitive discoid

holdfast and taking its place does not seem

at first thought a very striking character. But

it signifies a difference in the structure of the

plant fully as profound as the absence of a

stipe which was considered sufficient ground

for the separation of Hedophyllum; or a fold-

ing and irregular growth in the lamina which

differentiates Pleurophycus from Laminaria.

There are two species previously described as

Lam in arias which have simple holdfasts, Lami-

naria solididgula Agardh and Laminaria yezzoen-

sis Miyabe. The relations of these to the

present species as well as its relation to other
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genera can best be considered after the descrip-

tion of this, the type species of the new genus,

has been presented.

Renfrewia parvula n. sp.

Plant very variable in shape, size and pro-

portions, but in texture and anatomy very

constant; laminae thin (less than i mm.) and

more delicate in texture than any other kelp

of the region except Nereocystis (which they

resemble somewhat closely), yellowish-brown;

cryptostomata absent even on young plants;

stipe terete below, more rigid than the lamina

but very much weaker than in Laiuinaria

saccharina which is most nearly similar to it

of the species found at Port Renfrew. Lamina

oblong, in mature specimens varying from

25-90 millimeters in width, as much as 50

centimeters long, but varying greatly according to

the violence of wave action, at the base usually

cuneate and very gradually merging into the

stipe but in broad short-stiped specimens some-

times rounded; stipe varying from 2.5-20 cen-

timeters in length without apparent relation

to the age of the plant or any other condition
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unless it be depth of water; holdfast, the

simple primitive disc enlarged, without any

trace of hapteres arising higher up on the

stipe, though often in the disc itself showing

local secondary growth, manifesting itself as

radial thickenings and even closely appressed

branches (Plate III., Fig. 2), as is also the case

in CynialJicyc triplicata l)ut not so conspicuous

as in that ])hint. The largest holdfast collected

measures about 20 millimeters in width; often

they are much smaller not exceeding 8 milli-

meters. Mucilage ducts are absent from both

stipe and lamina.

Fruiting habits very variable; sometimes

very small apparently young specimens are

found in fruit. I have specimens with well

developed sori the dimensions of which are

as follows: (a) (Plate XVI., Fig. 10) lamina 8x3.3

centimeters, sorus orbicular, about 25 milli-

meters in diameter, stipe 35 millimeters, hold-

fast 7 millimeters; (b) (Plate XVL, Fig. 2) lamina

12.5 X 2 centimenters, sorus elliptical, 37 x 13

millimeters, stipe 4 centimeters, holdfast 7

millimeters. On the other hand I have several
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large specimens which have not yet begun to

differentiate the sorus: one of these (Plate XVI.,

Fig. 11) measures 23x6 centimeters with a

holdfast 13 miUimeters. There seems to be

scarcely any localization of the sorus into a

definite region of the lamina as in most kelps,

but almost any portion may develop gonidangia.

Sometimes the sorus occupies a small oval

patch with fairly definite margins, near the

base of the lamina; again it may cover almost

the whole lamina leaving only a narrow mar-

gin all around. But more often it is irregular

in shape especially at the distal end. Very

often instead of bearing a single fruiting area

the lamina has a series of parallel stripes of

fructiferous tissue separated by similar sterile

stripes; these may number as many as five.

Both sides of the lamina are fertile but there

is no close correspondence between the sori

of the two as may be seen from Plate XVI., Figs.

3,5,6. I have a single specimen (Plate XVI.,

Fig. 6) in which there are two sori, one distal

to the other, as in Nereocystis. The lower is

a large oval area, 27x5 centimeters, then comes
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a region lo centimeters long which is sterile

except for a few small dots of fertile tissue,

and distal to this there is the second sorus

which is more irregular in outline and measures

IOX2 centimeters. One might suppose from

this specimen that we have here a regular

succession of sori of different ages from the

base to the tip, which renders fruiting contin-

uous. lUit I tlu'nk tliat such is not the case

in Rciijrcwia for this is a single specimen

among more than a Inindred examined, and

tlie few small dots of fructiferous tissue be-

tween the two sori seem to indicate that instead

of two distinct sori, we have only an unusual

case of irregularity. Moreover, as nearly as

can be determined without sectioning, for the

specimen seems too valuable to mutilate, both

of the ])atches arc of the same age.

Because of the low level at which it grows,

juvenile forms are diflficult to obtain and the search

made for them was rather meagerlv rewarded.

A complete series was not found, the smallest

being 5 centimeters long with others larger

connecting with the mature forms. Since the
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PLATE XVI!.— 1 and 2. Photomicrographs of stipe of Renfrewia.
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plant maintains through life a form very near

the primitive type of kelp structure, there is

not in this case the interest attached to the

tracing out the development of a complex

adult form like Egregia from the simple juvenile

form that there is in the more specialized forms

The young forms are very much like the older

except in size and the tissues of the adult are

already developed in plants as small as the

smallest in the writer's possession. As in other

kelps the juvenile forms of this species may

be recognized quite readily at least when no

smaller than 5 centimeters. At that time they

are clearly differentiated from most species by

the absence of the characteristic marks which

distinguish other genera. They are most sim-

ilar to Nereocystis and the similarity does not

disappear, though they become easily distin-

guishable, until the laminae of that genus begin

to divide. In smaller specimens they may be

distinguished by the beginning of the pneumat-

ocyst of Nereocystis which is discernable in

plants of about 3 centimeters. In specimens

smaller than that it seems doubtful to me
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whether the two can be separated for there is

no anatomical character and the texture which

usually comes to one's assistance in such cases,

is not sufficiently different to form a basis of

separation. Tlie only other kelp whose juve-

nile forms are likely to be confused with those

(jf the present species is CyniatJicre tripUcata

which is similar to this in structure of the hold-

fast, a character which separates them from

most other kelps when still very young. But

in Cymathcvc the lamina is much narrower

and thinner and the folds begin to a{)pear

when they are 2-3 centimeters in length.

Histology. The thallus of Rcnjreixna is

composed in general of the same tissues as

the other kel})s. The central portion of the

body is composed of ])ith-web sharply delimi-

ted from the surrounding cortex which exter-

iorly shades into the smaller, more active cells

of the hypodermis and epidermis. Since the

histology of several of the kelps has been so

thoroughly worked out by recent investigators,

mostly at the Minnesota Seaside Station, it

will be unnecessarv to give a detailed account
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PLATE XVIII.— 1. Longitudinal section of stipe.

2. Radial section oF holdfast showing secondary branch.
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of that of the present species and only a few

features need be considered. As far as it goes

the histology bears out the gross anatomy in

indicating a primitive position for the present

species.

Stipe. The pith-web is much simpler than

that of most of the kelps. It is made up of

anastomosing hyphae as is usual; but they are

shorter, composed of shorter cells, with less

mucilasfinous matrix between them than most

species, e. g. Laminaria bongardiana which

was studied for comparison. These hyphae are

sometimes so poorly developed that in both

cross and longitudinal sections (Plate II.) of

the stipe the pith appears to be composed of

small spherical cells with only a few longer

hyphae, contrasting strongly with Laminaria

whose stipes show very many long hyphae and

but few round openings where others have

been cut across. The development of thick

walled supporting tissue (sclerenchyma) from

the cortex is also less marked in Renfrewia

than in most kelps though there is some varia-

tion in this respect. Sometimes there is no
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thickening discernable in the walls of the inner

cortical cells.

Holdfast. The holdfast is made up of

thin walled cells continuous with the cortex

of the sti])e. They are arranged in radial lines

centering in the base of the center of the hold-

fast, i. e. tlie original jjosition of the primitive

disc. Into this mass of cortical tissue extends

the cylinder of pith from above, which gradually

narrows and vanishes downwards. As described

above, regions of local increase in thickness

are often present. Sometimes this local growth

may even be so active as to give rise to a branch

which grows out from the main disc but is so

closely a])i)ressed to it as to be unnoticeable

exce})! in section. (Plate TIL, figs. 2,3).

The lamina (Plate III., fig. i) being thinner

than in most of the kelps, is but a few (14-18)

cells thick. The pith-web is extremely thin and

there is no sclerenchyma. In the fruiting area

nothing unusual was ol^served.

Habitat. KcjijrciLia parviila grows in the

sublitoral zone in the tide pools and recesses

never uncovered even at the lowest tides. It
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PLATE XIX— 1 Cross section of fruiting lamina showing paraphyses

and gonidangia

2 A typical holdfast.





IP s t e I 5 i a 265

is generally to be found along with Cymathcre

in situations where the surge is weak but is

not quite so much restricted to quiet waters as

is Cymathere. From this position, close to

the emergent zone, it extends out an unknown

distance into deep water where wave action is

a minimum. That it grows out in very deep

water is rather confidently inferred from the

circumstances of its appearance at Port Renfrew.

The shallow water specimens collected in vari-

ous tide-pools and recesses were all compara-

tively short and badly eroded away so that

even the smallest specimens found were quite

imperfect.

Besides these, others were found in the wash

at " Dictyoneuron Cove" which bore a very

different character—so different that it seems

advisable to distinguish them as a variety of

the typical form which, on account of the char-

acter given below, may be designated Renjrewia

parvida perlonga var. nov. Though truncated

by wear at the tips, the plants all maintained a

much greater length than the typical forms,

often- more than a meter, while the longest
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specimen measures 1.3 meters. The width of

the widest specimen (6.5 centimeters) is slightly

greater than the average of shallow water forms

but not so great as the widest. Others are

extremely narrow, measuring for example, 3X

118 centimeters (Plate I., fig. 13) i. e. forty

times as long as wide though lacking both

holdfast and tip. The stipe is similar to the

shallow water forms but averages longer and

the merging of stipe and lamina is much more

gradual. The texture and histology of the

plant arc the same as the typical form. In the

variety the long narrow laminae and the irregu-

larity of the sorus together with the similar text-

ure, increase its resemblance to isolated laminae

of Nereocystis for which they have doubtless

been mistaken many times as they are quite

abundant at " Dictyoneuron Cove." growing

just outside in the deep water.

The sorus is similar to that of the specific

form. Sometimes it is a large patch covering

the larger portion of the lamina, measuring

100x4 centimeters, or it may be broken up into

several very narrow longitudinal stripes. In
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one specimen the sorus is divided by a sterile

portion of the lamina into two, and in several

others it is almost divided.

In contrast with the other kelps found in

the wash not a specimen of the variety out of

about forty seen, had a holdfast. Nearly all

were cut off below the blade sharply as though

bitten off by some kelp eating fish. All the

other kelps including even Lessioniopsls, which

clings so securely that it will support a

a man's weight, and Dictyoneuron, which grows

out so far in deep water that its habitat at

Port Renfrew has never been discovered, are

torn up "by the roots" and washed in whole

as often as in fragments. This absence of

holdfasts is the more significant because of

their weakness and the ease with which they

would be torn loose.

The striking difference in the length of the

laminae in shallow water specimens and those

washed up from inaccessible depths shows

more plainly the nice adjustment of strength

of tissue and clinging power than any other

kelp of the locality. Where wave action is
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strongest in the immediate sublitoral zone the

tips are kept worn very short so that the plant

presents very little surface to the waves and

consequently the strain on the holdfast is

slight and it is not torn loose. But where the

wave action is less violent the tip is not nearly

so rapidly frayed and consecjuently attains a

greater length, while the strain on the hold-

fast remains nearly constant. The anatomical

means by which this equilibrium is maintained

is extremely simi)]e. As in all the kelps the

growing point is situated at the junction of

the stipe and lamina. From this region new

tissue is ])rogressively pushed farther and far-

ther out on the lamina by the formation of

still newer tissue behind. When iirst formed

it is tough and tenacious but with age its strength

gradually weakens so that the tip of the lamina

is able to withstand but a small strain, while

the basal portion is quite strong. Thus the

length of the plant is kept balanced with the

force of the waves so as to prevent its being

torn out by the roots as is the fate of mosi

other kelps.
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The nearest relatives of the present genus

are obviously Laminaria and Cymathere. Phyl-

laria also is similar in appearance but has

numerous cryptostomata on the lamina which

are wanting in Renjrewia even when young,

Cymathere differs in the folded lamina. The

various species of Laminaria have forking sec-

ondary hapteres. Evidently the lack of hap-

teres, mucilage ducts and strengthening tissue,

together with the simplicity of its body, mark

this as one of the most primitive of kelps repre-

senting a form close to the original ancestor from

which all kelps, with the possible exception of

the aberrant Chorda and Adenocystis, have been

derived.

The two species with simple holdfasts,

previously described as Laminarias are both

distinct from the present species.

Laminaria solidungula J. G. Agradh. (De

Laminariaceis Sym. Of. p. 8. 1867.) which is

very completely described by its author, pre-

sents several points of divergence. It is con-

siderably larger than Renjrewia parvula and

has well developed mucilage ducts. Its habit
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of growth is very peculiar. It is a perennial

and has a constriction in the lamina marking

the end of each year's growth, while I know of

no reason for supposing that Rcujrewia par-

viila is a perennial. Though this habit of

growth may on closer study be considered of

generic importance, it seems best for the present

to consider this plant as Renjrewia solidiingula

(J. G. Agardh).

La miliaria yezzanisis ]\Iiyabe (Rep. Marine

Resources Hokkaido 3. On the Laminariaceae

and Laminaria Industries of Hokkaido, p. 41

t. 12-13.) is a large plant (1.25 millimeters)

with an almost orbicular lamina digitately

divided. It appears to be congeneric with my

plant and should therefore be considered under

the name Renjrewia yezzcensis (Miyabe).

The type specimen is deposited at the

University of ^Minnesota, with cotypes in the

collection of the author and the herbarium of

the Ohio State University. Specimens will be

distributed bv Miss Tilden in her "American

Algce."

As a summary a synopsis of the species of
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Renjrewia may be presented. Lamina ligulate

by the persistence of the lamina of the preceding

year, with a succession of oval sori, obovate,

up to 15 centimeters wide (at least), mucilage

ducts well developed. Renjrewia solidiingula.

Lamina not ligulate, oblong, entire, cuneate at

base, variable, not more than 10 centimeters wide,

and 50 centimeters long, no mucilage ducts;

sori very variable in shape and size, yellow-

brown, of delicate texture. Renjreivia parvula.

Texture and anatomy like the above but

much longer, to 40 times as long as wide,

tapering more gradually to the base,

Renjrewia farvnla ferlonga

Lamina suborbicular, digitately divided, 125

centimeters long. Renjrewia yezzcensis.

EXPLANATION OF PLATES

Plate XVL A series of representative forms

of Renjrewia stretched on a glass plate and

photographed by transmitted light to show

the sori which are nearly invisible by reflected

light. The light portions of the laminae are

sterile; the darker patches are sori on one side
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of laminae; the darkest portions are places

where sori on both sides overlap. Reduced

to about one-fourth natural size. Figures i-ii

Renjrewia parviila. Figures 12-13.

Renjrewia parvula perlonga.

Figure i. A short-stiped form with a small

sorus.

Figure 2. A plant with a lamina 12.5x2

centimeters with sorus already developed.

Figure 3. A plant with a stipe 20 centi-

meters long, sorus showing a decided tendency

to split into longitudinal stripes.

Figure 4. A small plant with sorus divided

into three longitudinal stripes.

Figure 5. The type specimen with large

well developed sorus.

Figure 6. Specimen with the sorus divided

into two by a band of sterile tissue.

Figures 7 and 8. Two juvenile forms mea-

suring about 5 centimeters each, though figure

8 represents an abraded plant older than figure 7.

Figure 9. Small plant with the sorus par-

tially divided transversely.
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Figure 10. Specimen with orbicular sorus

at base of lamina.

Figure 11. Large plant measuring 23x6

centimeters which has not yet begun to develop

a sorus.

Figure 12. Plant with five longitudinal

stripes of fertile tissue.

Figure 13. A very long narrow plant 3

X 118 centimeters.

Plate XVIL Photomicrographs of the stipe-

1. Radial view of portion of cross section

showing the tissues from the pith outward. B.

& L. obj. f, oc. I.

2. Portion of above showing in detail the

pithweb and the innermost portion of the

cortex. B. & L. obj. ^, oc. 2.

Plate XVIII.

1. Longitudinal section of the stipe showing

the pith-web with elongated cells of the inner

layers of the cortex. B. & L. obj. ^, oc. 2.

2. Radial section of a holdfast showing an

appressed secondary branch. Leitz obj. i, B.

& L. oc. 2.
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Plate XIX.

1. Cross section of the lamina with one

side in fruit showing the elongated paraphyses

with the shorter blacker gonidangia. B. & L.

obj. },, oc. 2.

2. A typical holdfast enlarged about three

times. At the lower side of the figure there is

a branch like that shown in Figure 3.
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Isabel Henkel

During the summer of 1903, the writer

spent the month of July at the Minnesota

Seaside Station, near Port Renfrew, on the

west coast of Vancouver Island, and at this time

the notes for this paper were taken.

The shore of this coast is remarkable for

its extreme rockiness, and for the varieties of

erosion produced by the waves and the tides.

Fairly well back from the shore, the rocks stand

in vertical cliffs, with flat rock in front sloping

gently to the water's edge. Plate XX. fig. i. is a

good illustration of the shore line.

The principal rock formations are sand-

stone, conglomerate, and shale. From a com-

parison of the rocks at points where the series

is complete, it is seen that the shale lies

at the bottom, the conglomerate overlies the

shale, and the sandstone overlies the conglom-

erate. It happens, however, in many places,

277



278 IP s t e I s i a

that the conglomerate or the shale forms the

surface rock, the strata overlying having been

eroded. Plate XX. fig. 2. shows the heavily wooded

cliff known as "The Point." The horizontal

rock forming the floor leading to the sea is

graywacke.

In all classes of rock are depressions of

varying shape and depth, sometimes exposed

by the tide, and sometimes covered. They

possess characteristic fauna and flora, and are

called tide-pools. The typical pools lie in the

sandstone, because of the extreme softness of

the rock, which renders the work of erosion

easy. They are also abundant in shale, but

are few in number in conglomerate.

The pools in sandstone occur generally in

strata which are nearly horizontal, so that the

pool resembles a depression in a floor. Some-

times the lower part of the pool has been worn

away more than the upper part, leaving the

uneroded strata as a projecting rock shelf,

which affords a hiding place for sea-urchins,

star fish, and other animals.

The greatest number of small pools was
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PLATE XX — 1. Sculpturing of shore cliffs.

2. Cliffs with seaward platform.
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found in a gently-sloping sandstone region

called the "Devil's Billiard Table." This is

a region where concretions occur in great num-

bers, and scattered at irregular intervals. They

lie well back from the high tide line. Approach-

ing the shoreline, (Plate XXI. fig. i.), the concre-

tions disappear, and a series of depressions,

looking as though the concretions had been

lifted out of them, is left. Some are empty,

and others are filled with water. Still nearer

the shore, the depressions become much larger,

and are more irregular, many being separated

only by a narrow ledge of rock. At the

shore line they become mere indentations and

irregularities in the coast. These larger pools

have acquired a characteristic fauna and flora.

The irregular shore line caused by many
pools, and the wearing away of the seaward

wall, is very common. It may be seen in

Plate XXII. figs. I. and 2.

The number, size, and irregularity of pools

increase with the slope, the sloping shore being

more exposed to the waves than the flat shore.

Often the erosion is so great that one pool

occurs within another.
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The majority of the smaller pools, as may

be seen in most of the photographs, are cir-

cular, but the larger ones are generally ellip-

tical, and give evidence of having been formed

by the union of two or more smaller pools, the

connecting rock ledges having been eroded.

Such pools are shown in Plate XXIII. fig. i.

The pools vary in size from small depres-

sions a few inches in diameter, to those 30 feet

long, 20 feet wide, and 10 to 15 feet in depth.

Usually the largest are the most irregular in

outline, and contain the greatest diversity of

plant and animal life.

The temperatures vary with the time of

day, the seasons, the depth, and the position

with regard to the tides, those lying highest

being warmest, since they are not subject to

a change of water with each incoming and

outgoing tide. One such pool was 30 feet long,

and 30 feet wide, and showed traces of several

connecting ridges.

]\Iany pools, especially those in the region

of the "Devil's Billiard Table," contain boul-

ders, which appear to have the same composi-
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PLATE XXI.— 1. Small depressions in sandstone near high water line.

2. Rei^ionB of young pools.





p 8 t e I s i a 285

tion as do the concretions. Others, in regions

that apparently have been subjected for a longer

time to wave action, contain no such boulders.

According to their location, illumination,

and other factors to which forms must adapt

themselves, the pools contain various plant and

animal forms.

In the pools with overhanging edges, eel-

grass occurs in great abundance, the rock layers

forming a point of attachment for the holdfast.

Those pools exposed to the lower tides, and

the best conditions of illumination and temper-

ature, exhibit the greatest variety and number

of life forms.

Generally, though not always, the greatest

variety and number occur in the largest pools.

In one pool, 3 x 2 x 2^ feet were found the

following animal forms: mussels, goose-neck

barnacles, acorn barnacles, chitons, limpets,

sea-robins, sea-urchins, sea-anemones, snails,

and hermit crabs. The chitons and the sea-

robins exhibited protective coloration, assuming

the color of the rocks, which varies from dark

red, to light pink and green. These colors

are due to incrusting algae.
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The plant forms were less varied than the

animal, being nearly all corallines. However,

of these there were found in this single pool,

six varieties, exclusive of the brown, pink, and

green incrusting corallines.

These six varieties were found attached to

the rocks, or to limpet shells. On the coral-

lines, and on the limpets was found a small

feathery green alga, but in very small quantities.

The occurrence of so large a number of

forms in so small a pool, is accounted for by

the fact that the illumination is unusually strong,

that the pool is a low tide one, and that being

shallow, the water becomes comparatively warm.

The age of tide pools can be studied only

relatively. Those which are small, regular,

disconnected and contain boulders possess

the smallest number and the least variety of

forms, and are probably the youngest. Regions

of young pools are shown in Plate XXI. fig. i.

As the pools advance in age, they begin to

attain irregularity of outline, and to lose their

circular form, becoming more and more ellip-

tical. Small pools lose their connecting ridges,
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PLATE XXII.— 1 and 2, Irregularities in outer shore line arising

from wearing out of tide-pools.
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and unite to form one or more large pools.

Finally, most of the wall of the pool is destroyed

and a large indentation in the shore line is

formed. As the waves and the tides work on

the indentation, it makes its way farther and

farther inland, becoming finally a long narrow

channel known as a tide-rift. Such a channel

is shown in Plate XXIV. Often the sides are

perpendicular, with overhanging ledges. Under

these ledges, many life forms find lodging

places, especially those kelps which require

the strong wash of the tides for their develop-

ment. Such a region is found a little east of

"Baird's Point." Here there is a slightly

sloping sandstone area, pitted everywhere with

small pools which are lacking in life forms,

but which exhibit the development in all stages.

Plate XXI. fig. 2. is a picture of this region. At a

point 30 feet above the sea, begins a series of

depressions, which do not contain water, except

a little here and there which is stagnant. The

series begins at the vegetation zone and slopes

to the sea. They are probably filled during

the season when the waves and the tides are
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high. The region is shown in Plate XXIII. fig. 2.

Plate XXV. fig. I. shows many stages in the devel-

opment of tide pools.

Many points along the coast show elevated

portions of rock which are exposed only at

low tide; on cither side of these projections are

depressions into which the tide runs. These

indicate a tide-pool region so old that the bar-

riers between pools have been worn away and

only the rough rock is left.

Pools in conglomerate are few in number

and possess no striking characteristics. The

rock east of "Baird's Point" is flat and gently

sloping, and is pitted with several hundred

incipient tide-pools, very shallow, and generally

circular. There are no boulders and the life

forms are few. There were found only Clado-

phora, sea anemones, small barnacles, and eel

grass, a marked contrast to the variety found

in the sandstone pools in this same region.

As the pools arc washed by the high tides and

possess good illumination, it may be supposed

that the paucity of life forms is due to the

youth of the pools.
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There are some instances of a combination

of sandstone and conglomerate pools. In one

case, a mass of conglomerate stands surround-

ing a depression in sandstone. In another case,

one side of the pool was sandstone, and the other

was conglomerate, the sandstone being more

worn than the conglomerate. In one region of

conglomerate, is found a number of good sized

pools, exhibiting the characteristics of sand-

stone pools. Upon examination it was found

that these pools all have sandstone bottoms,

surrounded by masses of conglomerate.

Pools in shale are found rarely. They are

very long and narrow, following the lines of

stratification (Plate XXV. fig. 2.). They are

shallow in comparison with sandstone pools,

owing to the greater difhculty of erosion of the

hard crystalline rock. Very few large pools of this

class are seen. Only occasionally boulders

occur in shale pools, and generally in a posi-

tion indicating that they have rolled in from

the high banks above, and are not native to

the pool. The fauna and flora usual to the

sandstone pools are present, but in smaller
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quantities. The shale pools contain stagnant

water oftener than do the sandstone pools, and

in such pools, no life forms are found.

Tide pools are caused by a combination of

conditions, among wliich may be mentioned:

cracks in the rock; concretions; lines of

stratification; erosion by waves, tides, and the

wind; the action of carbon dioxide; variation

in temi)erature, both of water and of the air; the

action of j)lants and of animals.

The lines of stratification are the chief cause

of shale pools, since the water, striking against

the rock, finds the lines of stratification the

lines of weakness. The rocks are easily broken

along these lines, and the hard, angular bits

of shale act as grinding tools, to deepen and

widen the shallow depressions made in the

shale by the beating waters.

Conglomerates alTord a variety of hardness

and the softer parts are easily worn out by the

water. As soon as the cement holding the

rock as one mass is removed, the remaining

harder portions separate, and falling into the

shallow depression, grind a deeper hollow into

the rock.



s t e I s i a

o
o

D
£

a

XX
LU
h-
<t
_l
Q-





IP s t c Is ia 297

The sandstone pools present the greatest

variety of structure,- and it is to be expected

that the greatest variety of causes also exists.

Here, as in the shales, the water striking

against a line of weakness, causes erosion, and

as sandstone is softer than shale, erosion occurs

on a larger scale. This eroded surface may

be the beginning of the pool. The action is

continued by the water, by the bits of broken

rock, and by the agency of plants and animals.

The roots of plants strike into the rock, and

both by the spreading of the cracks, caused by

the increase of the size of the holdfast, and by

the dissolving action of the acid formed by the

plant, the depression increases in size.

Similarly, boring animals, as the rock clam,

and the sea-urchin, serve to increase the size

of a depression made by erosion or solution,

or, they may originate the depression by boring

into solid rock. A steep sandstone cliff, just

west of "The Point," shows the face of the cliff

honeycombed into such depressions.

A rather insignificant cause for the forma-

tion of tidepools is the change of temperature
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of the water in the pools. In the Port Ren-

frew region the range is small, but it is enough

to bring about a slight degree of erosion.

Air is soluble, and is compressed by the

weight of the water. In pools, or in the inden-

tations caused by the partitions between the

pools wearing away, especially under rocky

ledges, jets of water are sometimes seen spurt-

ing out, and a booming sound is heard. Both

the sound and the jet are caused by the sudden

expansion of air in the water. The expansion

of air is due to the removal of pressure on the

enclosed air, probably by the shifting of the

water.

Ordinary air currents, beating against rock,

gradually erode it; storm currents cut out the

rock rapidly. Air exerting its pressure through

water acts in the same way, and slowly wears

out the rock against which its force is directed.

The most potent cause of sandstone pools

is the concretions. If the region of the " Devil's

Billiard Table" be examined, it will be seen

that on the land side, the concretions are solid

masses firmly imbedded in the sandstone, and
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PLATE XXV.— 1. Tide pools in various stages of development.

2. Tide pools formed in shale.
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are composed of rock much harder than the

sandstone. Between the surrounding sandstone

and the imbedded concretions, is a layer of very

hard calcite. About half way to the shore line,

the calcite has disappeared from the sides, but

the concretion is still firmly attached to the

underlying rock. Still further down, the con-

cretion is loosened, and the surrounding sand-

stone is worn away to such an extent, that the

concretion lies like a huge, round pebble in the

depression. Up to this point the depression is

circular, and the sides are smooth. The con-

cretion is hurled about by the tides, and con-

tinually wears away the sides and bottom of

the pool. When two or more pools lie close to

one another, as may be seen in several of the

photographs, the separating walls are beaten

against by the concretions, until the partition

breaks, and an irregular pool begins. The

action of the waves and the tides, and the grind-

ing of the rocks, continue until at last many

small pools have united to form a large pool;

the concretion itself is by this time broken into

small pieces, or is dissolved. Added to these
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causes is of course the influence of plants and

animals, which have acquired a position in the

pool.

The question may arise as to the cause of

the removal of the calcite which acts as a

cement between the sandstone and the con-

cretion. It is well known that as fresh water

flows over the land, it absorbs carbon

dioxide from the air, forming carbonic acid.

This acid, though weak, is strong enough to

cause large quantities of calcium carbonate,

usually insoluble, to dissolve in the water. Sea

water contains a large amount of carbon diox-

ide, derived partly from the inflow of fresh

water, and partly from the decay of plants and

animals. Twice a day it flows over the con-

cretions, and because of the presence of carbonic

acid, the otherwise insoluble calcite is freed

from its bed.

The literature on the subject of tide-pools

is very limited. No direct references were

found, but several on potholes were available.

These structures, though lying farther inland

than tide-pools, are somewhat similar to them in
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appearance, and many of the causes of forma-

tion are the same.

The principle difference in the cause of

formation is the effect of tides on the pools

along the coast. Further, it is supposed that

the potholes, or kettle holes, as they are some-

times called, are caused by glacial action. In

the pools studied on the Vancouver coast, it

does not seem probable that the formation of

the pools has in any way been determined by

glacial action.

The following articles give discussions on the

subject:

Manning, P. C. Glacial potholes in Maine.

Proc. Portland Society of Natural History.

Kjerulf. Potholes. Description of giant kettles

in Norway.

Tarr. Physical Geography of New York State.

Geike. Scenery of Scotland.

Description of Plates.

Plate XX. I. Sculpturing of shore cliffs.

2. Cliffs with seaward platform.
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Plate XXI. I. Small depressions in sand-

stone near high water line.

2. Regions of young pools.

Plate XXII. I. and 2. Irregularities in outer

shore line arising from wearing out of tide-

pools.

Plate XXIII. I. Irregular pools formed by

union of several small pools.

2. Series of pools reaching above

ordinary high water.

Plate XXIV. Tide rift formed from several

pools.

Plate XXV. I. Tide-pools in various stages

of development.

2. Tide-pools formed in shale.
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jsota ^cajsiDe Station*

C. W. Hall

Vancouver Island is so well known to all who

may read Postelsia that a description of it is not

necessary. Port Renfrew, on its southwestern

shore, is a small harbor opening out on the

Straits of Fuca. It is the seaport of the Min-

nesota Seaside Station. Providence Cove is a

beautiful inlet about four miles toward Victoria

from Port Renfrew. The geological features of

the shore from Port Renfrew to Providence Cove

are to be described in this short sketch.

In the first place, the Straits of Fuca bear

strong evidence of having been, until compara-

tively recent it me, a river valley of magnificent

proportions. Its width of eight to ten miles is

exceeded by but few river valleys of the land

to-day. Its average maximum depth of 900 to

1000 feet from Puget Sound to the sea indicates

that in its stage of maturity the stream which

307
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occupied this valley possessed a remarkable

vigor. It then gathered the waters now filling

several streams; the imperial Fraser of British

Columbia, the Nooksachk, the Skagit, the Sky-

komish, the White and a score of others were

confluent at places now in the bed of Puget

Sound and formed the great river which flowed

through the strait when its channel was a thou-

sand feet higher than today and the Pacific

coast line many miles west of its present position.

At that time Port Renfrew bay was a narrow

river carrying a tumultous torrent, the confluent

waters of the San Juan and Gordon rivers, then

high mountain streams, into the River Fuca

many miles above its mouth. The beautiful

delta at the head of the bay could not then have

existed; the projecting rocks on which the dock

is now built formed a bold and sightly cliff

hundreds of feet above the water. The eagle

looked from his aerie down a narrow channel,

like that of the Gordon now, across the waters

of one of the largest rivers of the continent.

The site of the Minnesota Seaside Station was

then a lofty hillside, a rocky situation many
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miles distant from that sea, the shore of which

is now its essential feature. Slowly and steadily

the land has sunk, the sea encroached upon it,

and inch by inch as the milleniums have passed,,

the waves have worn and carved their way until

now Port Renfrew is an excellent harbor for the

largest ships and the Station is at the contact

zone of land and water.

Walking out upon the beach in front of the

laboratories at the Station one steps upon hard^

shaly rocks, black in color and of harsh feel.

The first noticeable feature is the extremely

rough surface they present (Plate XXVI). This

arises partly from their unequal hardness, readily

noted by tearing fragments loose, and partly from

the inclined position which the formation has as-

sumed with reference to the surface of the sea.

The softer laminae are readily worn away by

the waves and their places are shown by the

deepening, slanting grooves everywhere seen

upon this wave-washed rock. The hard laminae

on the other hand are c|uite crystalline. They

present the hardness of metamorphic rocks to

the touch and thus are very uncomfortable to-
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the feet and make hob-nailed boots a necessity of

Station comfort. Thus shod and equipped with a

good hammer, one starts out to investigate this

bottommost rock of the shore.

Through the woods eastward to Providence

Cove one passes on the w^ay a beautiful cascade

formed where a small stream crosses a hard

ridge of shale, and also several rock masses

which show, beneath the accumulations of grow-

ing and decaying vegetation, the existence every-

where of this omnipresent shale. On clambering

down into a charming glen formed where a

mountain stream for ages has been plunging

into the river and the sea, the same rocks are

found but with a somewhat changed structure.

One is in Providence Cove.

Here the rocks are compact, hardened

throughout and made crystalline until they ring

under the stroke of the hammer. They stand

out in high, almost vertical walls, instead of re-

clining as a sloping shore. Where fragments

loosen and fall into the sea under the action of

the waves, they wear into strikingly symmet-

rical pebbles and boulders. Glancing across the
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well stratified rocks we observe their strike and

dip near the head of the gorge. The former

measures W. 45° S. magnetic, and the latter 25°

northwest. Some pebbles are gathered to show

the varied colors and the clear crystalline habit

of the rock and one starts on the return to the

Station.

Working one's way down through the almost

impenetrable salal from the rude trail to the

shore, little change is found in the character of

the rock. Toward the west are several deeply

cut ravines where streams have worn trenches

to the strait. These are crossed with difficulty,

because the resistant nature of the siliceous shale

to weathering and wave wear produces vertical

walls. Now and then a shaly condition of the

rocks alternates with quite massive beds. We
soon learn to distinguish these relations in the

surface contour of the rock; where projecting

masses stand up against the waves there is found

a hard and crystalline layer quite like the walls

of Providence Cove. At Kirkpatrick's we again

measure strike and dip. The former is W. 10°

S. and the latter 25° northwest. Many minor
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variations from this record are to be noted along

the shore but in them all a prevailing west-

southwestward direction can be seen and a

northwesterly dip, sufficient to project the rock

strata, could they be replaced, into reconstructed

formations lying far higher than the summits of

the (31ympic mountains, away from which they

slope.

In places the rocks are greatly crushed, the

lamina' are displaced and the inclination to the

horizon shows frequent variations. Here and

there the rocks have yielded to a lateral crump-

ling until now tliey consist of a mass of slabs

and small fragments closely packed together.

Locally, a cementing has bound the fragments

together with all the firmness of the original

rock.

Passing to the westward of the Station by

crossing the sand beach, this same rock series

comes again into view after being hidden for

many paces. Its surface is even more ragged

than at Providence Cove, or in front of the

Johnson cabin. A smaller proportion of silica

characterizes the chemical content of the rock,
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a more shaly habit is seen in its structure and a

rougher, more forbidding aspect is presented in

its appearance.

As the westernmost surfaces are reached on

the islands off the entrance of the bay, a shaly

habit is dominant in the rock of this formation;

huge dikes break through the shales and crum-

ple, twist and wrinkle them into many shapes

(Plate XXX). The even, monotonous strike and

dip are destroyed and a contorted slate is devel-

oped which curls and winds around the huge

dikes in many quaint forms and curves. These

rock masses may be followed by boat from one

rock island to another and along the precipitous

shore from the entrance of the bay to the dock

where rocks were first seen on our arrival at port.

The culmination of this contortion is seen on

some small islands along the west side of the

entrance to Port Renfrew harbor (Plate XXXII.

fig. I.) An interesting intermingling of contorted

slates and intrudinsj dikes is soon found. On
this west side of the bay the slates disappear,

giving place to another and overlying formation.

West of Port Renfrew bay, not only dikes but
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mountains of granite occur. One such mountain

is Mt. Edinburgh, the lofty sentinel of southern

Vancouver Island. To climb the rocky side of

this high peak is a famous feat among the

scientific accomplishments of the Station.

The student continually searches for evidence

of age as he scans the rocks. Nov^here is there

a clue to guide liim. They look very old; they

are tilted and crumpled; veined and diked;

worn away and carved again, but not one fossil

and nowhere a contact relation which will give

ground for a reasonable guess. From contact

relations at other localities geologists have as-

signed this formation to the Cambrian age. But

knowledge is still obscure. Both structure and

environment ])oint to a great antiquity; be-

yond this nothing is disclosed. The Sphinx

reigns.

In traversing the coast from Providence Cove

to the contact line marking the top of the shales

on the west side of Port Renfrew bay, one be-

comes conscious of an extensive rock formation.

'^How thick is this series?" he asks, for much

of the way has been occupied in walking across
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PLATE XXIX.— 1. One of the small islands of the shore. The rock is the
shale of the Port Renfrew series.

2. A quartz vein in the shale, faulted by subsequent crusta! sliding.
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the upturned edges of one continuous formation.

Here and there faults are to be seen where the

rocks have slipped, and on one side or the other

of this structural break the rock stands relatively

higher or lower than before (Plate XXXI); in

places it stands at a higher angle to the surface of

the sea than the average: occasionally the sea has

worn away the rocks more nearly parallel with the

strike than is the rule; but, when all conditions

and accidents are given their full value of quali-

fication, the total vertical thickness cannot be

less than 12,000 to 15,000 feet, fully two and

one half miles of sands and clays, before a

change in physical conditions brought cessation

of deposit. An interval of erosion and alter-

ation was inaugurated.

And thus the question of time is reached.

While the geologist must look in vain for a

measuring rod upon this stretch of ancient

coast, one has been found in the Cretaceous

along the base of the Rocky mountains where

the Benton, Niobara and Pierre groups have a

total thickness of 3,900 feet. Grove K. Gil-

bert has associated an obscure rhvthm of sedi-
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mentation in these groups with a concept of the

time relations involved in their accumulation.

Certain cycles of deposition were observed which

in the discussion were associated with the pre-

cession of the ecjuinoxes, or a time interval of

21,000 years. With a cycle of sedimentation

averaging 4 feet in thickness correlating with

the precession-perihelion cycle of time, the ac-

cumulation of 3,900 feet of usually argillaceous

shales involves a period of 20,000,000 years.

Assuming the ])rocess of sedimentation to have

gone forward at the same rate, when the Port

Renfrew series was dey^osited, the time involved

could not liave been much less than seventy-

seven million years! And a vast accumulation

of sediment had taken place before the Pro-

vidence Cove beds were formed, as can be seen

along the shore for some miles to the east of

this inlet. So millions of years more must be

added to complete the time necessary for the

entire formation.

Deposition of the sediment is only a part of

the process of rock-making. The laminated

habit was imprinted when the particles were laid
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down. The transformation of the accumulated,,

rounded grains into a crystalline, orderly mass

was not accomplished in one geologic epoch but

in many. That heat could have played no un-

usual part we do certainly know; pressure play-

ed a part, because where the topmost laminae of

the formation had been laid upon each square

foot of sea bottom, at Providence Cove i,ooo-

tons rested, a load for a freight train of twenty

cars. Time is represented in a series of results

otherwise very difhcult to comprehend. If frag-

ments be broken, the ring is sharp and clear.

The material is so clear of impurities that every

piece is attached to its neighbor in the most

intimate crystalline contact.

Much variation in this crystalline condition

can be noted. At Providence Cove the rock

seems throughly indurated. This is not due

alone to the fact that thousands of feet more of

sediment was laid upon it than upon the beds at

the Station, but in part to a difference in the

mineral and chemical composition of the sedi-

ment itself. Here is more silica as well as more

uniformity in composition. Under a great
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weight and in percolating waters operating in a

wide area and through great depths uniform

material will produce uniform results. Hence

the evenly assorted particles of quartz, clay,

carbonaceous material and other incidental

mineral components produce a rock evenly de-

formed, made crystalline and uniformly com-

pacted into a siliceous shale which, for hundreds

of feet in thickness, is a normal schist of perfect

crystalline texture. This is due to the pro-

cesses of mineral reconstruction reinforced by

mineral solutions brought in by percolating sub-

terranean waters.

Willi tlie ([uartz schists of Providence Cove

comj)are the rocks in front of the Station and

indeed generally along the shore for the distance

of a mile. At the Station only thin layers of

the schistose type are to be seen. Laminae of

alternating hard siliceous bands and argillaceous-

carbonaceous material of a softer habit prevail.

This alternation gives evidence that there had

once been a succession of sand layers and muddy

shoreline flats succeeding each other many times.

Again the geologist stands at Port Renfrew
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dock. The rocks here lie at an angle of in-

clination exceeding 50° from the sea level. The

uplifting of INIt. Edinburgh more than 4,000 feet

produced by its intrusion such a squeezing to-

gether that the fine elastic particles, compressed

by a force exerted against the enormous beds

of shale, yielded at right angles to this pressure.

This yielding flattened the particles and pro-

duced a direction of weakness, a capacity to

part which is called slaty cleavage. The broad,

long slabs which lie about give evidence of this

induced condition in the rock. Furthermore,

it is to be noted, that the mineral composition of

this slate differs from the schist of Providence

Cove and the shale at the Station,—from the latter

in being more uniform in composition and from

the former in being as clearly an argillaceous-

carbonaceous rock as that is a siliceous one.

Applied the same pressure, temperature and

time, the one is converted into a schist and the

other into slate.

Aside from sedimentation and molecular

change other forces have operated. Dikes and

veins have taken their place in the varied mass



332 IP s t e I s i a

of rock material and fault lines have developed

(Plate XXVII). These intruding masses and

the displacements they have effected in the

orif^inal rock mean much as rock history is

read, for they speak of uplift and downthrow;

of crushing and tension; of the flow of molten

rock material, and slow accretion from perco-

lating waters.

The tilting of the rocks from their original

horizontal position involves stress of great force.

Blocks sometimes hundreds of feet in thickness

are shoved over each other until they lie shifted

many feet from their original position. Evi-

dence of such displacement is seen at many

places in broken structures like dikes, veins and

stratification bands. These all have their story

to tell.

The dikes are masses of eruptive rocks

(Plate XX\TII). Long and more or less contin-

uous fissures in the shales and slates reaching in-

determinable depths were filled by molten lava

pushed by some displacing agent from subterra-

nean reservoirs. They indicate a tensional force,

first producing the fissures and a crushing suffi-
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PLATE XXXII.— 1. Contorted shale upon a small island, west side of the

entran;e to Port Renfrew harbor.

2. Non-conformable contact of Miocene horizontal sandstone upon the

tilted edges of the Port Renfrew shale. Just east of Providence Cove.
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cient to crowd the flowing rock into every crack

and cranny of the superjacent formations. When

crystallized this rock became so hardened that it

has resisted erosion more than the enclosing

country rock and it now stands like an ancient

ruined wall upon the dark shales and slates. In

age relations the dikes are younger than intruded

shales and older than all overlying rocks. To

him who has seen the base of Mt. Edinburgh

the origin of the dikes seems closely associated

with the out-thrust of that huge pile of granite.

During the compressing and tilting of the

shales as well as subsequent to the intrusion of

the dikes there were formed master joints and

minor joints, together with numberless cracks

anastomosing in every direction. These open-

ings afforded surfaces on which the dccom-

position processes, yielding large quantities of

quartz and less quantities of other mineral sub-

stances, deposited their minerals. This material,

thus again deposited, filled these cracks and re-

cemented the rock into a solid mass. Thus the

veins were formed which present so striking a

feature of many a rock surface. They are al-
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most wholly quartz veins (PlateXXIX). They pre-

sent no regularity of direction beyond that seen in

the shaly partings and less conspicuous master

joints of the district. Rarer minerals noted are

feldspar and pyrite. Gold no dou]:t occurs

because it has been found in paying ([uantities

at several ])()ints along the coast adjacent to

Providence Cove and Port Renfrew, and gold

is one of the most universal minerals of ancient

crystalline rocks.

After all these events the upturned edges of

the rocks were worn down. The present sur-

face rocks once were rock masses thousands of

feet b.elow the surface. The slow and unerring

processes of u])lift, weathering and wear have

loosened millions of cubic feet of this rock to

become the play of the waves and the compacted

material of subsequent geologic epochs. How-

many times transport and deposit have been

effected along this coast does not yet appear;

but the record is spread of one.

Out of the material worn off the tilted shales

another formation was built. Its beginning and

progress have been so recent that within the
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rock are fossils of a relatively recent type. Mol-

lusks not distantly related to the ancestral types

of the mussels now swarming the rock shelves

of the coast then lived and contriljiited their

shells to the coastal detritus of their day. Thus

fragments of shale, crystalline grains of c|uartz

and fossil fragments accumulated and laid down

a bed of ]\Iiocene sandstone hundreds of feet in

thickness. It covered the surface of the ancient

shale formation, uneven with high knobs, rough

and w^ave worn surfaces. Many stream channels

and pre-Tertiary glens disclosed anew and chan-

neled out asrain since the old River Fuca took its

place among the geographic features of the

Pacific coast, increase the interest of the Station

student.

The nature of the material forming this up-

permost formation commands attention. In

front of the Station buildings, adjoining the

rough, harsh surface upon which we first stepped

down, lies a coarse rock of onlv medium hard-

ness. Within it are many huge boulders formed

of great masses of .broken dike material, slabs

of shale and varied beach boulders. Binding
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these together are masses of broken shale, chips

of myriad shells and other material incident to

shore line deposit. Such is the base of the

Miocene sandstone. Quite steadily the frag-

ments of shells and shale diminish in quantity

and the rock becomes a sandstone of the light

gray, medium grained, siliceous type, so common

everywhere as a shore-fringing sediment. Its

cementing material in the lowest layers is calcium

carl^onate whose origin is in the shell fragments

of the Tertiary shore.

Within this sandstone are many variations of

texture and hardness. Walking over the planes

of gentle slope which dip beneath the waters of

the Strait of Fuca, the way is difficult because of

ridges and mounds which are of harder and more

unyielding rock. Between these the waves have

washed out the softer sand, plants have loosened

the sand grains by crowding between them their

root-like processes to search for mineral foods

and secure mechanical support. The alternating

harder and softer portions afford place for

varied work of the waves. The hard rock is

the projecting reef on which Posfehia and its
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companion plants cling with vigorous energy;

the soft is that which is carved into tide-pools

to become the homes of numerous animals as

well as plants.

Examining closely these roughened rock

surfaces it is noted that the hardened ridges are

associated with the cracks or joints of the rock.

It can be reasoned that these openings facilitate

the mingling of waters along the crevice walls

as well as their flow upward or downward as the

ground waters ascend or descend in their course.

Added waters facilitate the crystallization of

mineral particles whether they are newly added

to the mass or older material already there.

This molecular change forms a compact cement

for the sand grains involved in it. As the

trickling waters continue to make their way the

zone of cemented sand grains becomes wider

and wider until very perceptible hardened

bands can be followed where the waves and

weather have worn the rock. Such is the case

at the interesting "Chair of Neptune" near

Johnson's cabin.

To be observed here under a differing
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phase of the same process are the spherical

concretions. These structures from a clicstnut

to hunch-eds of tons in size, are among the most

interesting geological features of the shore. The

smallest seldom attract attention; they are of

the size of marrowfat peas. But east of the

Station, past two or three projecting points of

the coast, is an area just above high tide where

the sandstone layers are rpiite nearly horizontal.

]Many tide- pools are here, washed out of the

softer sandstone, and here also are many con-

cretions. One spot contains so many of these

si)herical masses from two to four inches in di-

ameter that it has been named the "Devil's

Billiard Table." A hundred paces from it,

towards the Station, is another spot where the

spherical bodies are quite as numerous but of

only one-fourth to one-half the size of those on

the Devil's table.

^lore generally distributed, however, are the

larger concretions from the size of a quart

measure to that of a five-gallon jug. These

frequently are encircled by an outer ring or two,

reminding one of pictures of the planet Saturn
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and its rings. Usually the concretions present

the same hardness from circumference to center,

but the large ones have a softer central portion.

When worn off by the waves and weathering,

they form hollows upon the surface and become

tide-pools, later developing into many and diver-

sified forms. An interesting concretion partially

buried in a vertical rock wall is seen in front of

the Station buildings. Its shape suggests that

it was once somewhat spherical but subsequently

by a reduction in thickness of the sandstone for-

mation as a whole through dissolving and re-

moving a portion of its calcium carbonate, the

concretion had become considerably flattened

(Plate XXXIII).

The question arises: How are these con-

cretions formed? They consist of sand grains

aggregated by a cement of calcium carbonate.

This can be shown by dropping a fragment of

fresh material into a test tube containing dilute

chlorhydric acid. After a violent effervescence

the sand grains lie in a loose mass in the bottom.

Often in breaking a fresh concretion and holding

the fractured surface in the light, a reflection
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may be caught showing that the calcium car-

bonate is in the form of Lirge rhombohedra of

calcite. If the imprisoned grains of quartz

coukl ])c removed, the calcite would show a

texture as coarsely crystalline as is frecjuently

seen in vein calcite. In other words, the calcium

carl:)onate, in undergoing a molecular transition

from the organic to the mineral stage, envelopes

the grains of quartz and other contents of the

concretionary mass in precisely the same form

it would assume in being deposited as vein cal-

cite in a coarsely crystalline mineral vein. Thus,

there is present in these interesting structures an

exhibition of the strength of the force of crys-

tallization. Although exercised upon a very

common rock constituent, the result is clearer

than is usually seen in rock formations of any

geologic age or type of rock. It is doubtless

force of crystallization which underlies the nota-

ble symmetry of these bodies. A large rhom-

bohedron of calcite, rounded off, would have a

form like most of the larger so-called concretions

of this coast. Crystallization has drawn the

calcite around these nuclei from among adjacent
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quartz grains sufficiently to compact and develop

crystalline masses. It is quite obvious that the

concretions have been formed since the rock was

accumulated. Locally where calcium carbonate

was abundant it has involved nearly the entire

material of the formation. In this way the

rugged rock masses of Postelsia point and its

immediate neighborhood have been hardened

into enduring outposts along a rocky shore.

Animal and plant remains have been factors in

the hardening process. Remains of turtles,

molluscan species, and many fragments of ligni-

fied wood and seaweed are found in these hard-

ened masses. Segregations of plant remains

occur when hardened rock masses are broken.

That they yielded both carbon and oxygen for

the hardening process seems quite clear.

In looking across the Straits of Fuca when

the air is clear, snow fields are seen upon the

Olympic mountains. They terminate in long-

tongued glaciers slowly flowing down through

the valleys until they are lost in tumbling

streams. The question occurs: Were there ever

such snow fields and glaciers around the Seaside
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Station? Perhaps, when this spot was upon the

mountain side, as the great River Fuca swept

past in the bottom of the valley. Can we find

along the shore or in the forest any evidence

whatever upon which to form an answer to the

question?

The answer is nearer than we think. The

Station building, the Sea Palms, stands upon a

mass of clay, sand and gravel, with some large

boulders within it which could have been formed

in no other way than by the agency of glacial

ice. It is till or unmodified drift. It contains

many kinds of rock material wholly foreign to

this part of the coast, of rocks not known to

occur within the drainage basin of the creek

quietly flowing past the laboratories. Again,

the material is arranged in the manner wave

action is never known to transport and deposit

pebbles and boulders.

Elsewhere, repeatedly such material is found.

Beyond the boundary of this particular shore

line, glaciated rock surfaces show striae of glacial

origin,—enough to establish the prevalence, at

some time in the past, of a lower temperature
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than now prevails. Yet no great fields of drift

can be found. Patches are to be seen here and

there. These small areas constitute the record.

The great mountain masses of moving ice, of

which New England, New York, Ontario, and

the states of the middle west give convincing

testimony, seem not to have developed here.

Local glaciers there were, but the evidence of

the expansion of a Continental Ice Sheet to

enwrap this portion of the outlying island of

Vancouver is slight.
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—saccharina,

—solidungula,

—yezzoensis,

Larix. - - . .

—laricina,

—Lyallii,

—occidentalis,

Lathyrus maritimus. -

—nuttallii,

LeguminoScC,

Lentibulariace^e,

Lepidozia filamentosa,

—reptans,

—setacea,

Lessoniopsis. - - ' -

Liliaccc'e, - - _

222, 22^

222

222, 223

222

222

215

76, 221

191, 198, 199, 200, 201, 206

201, 202

202

141, 202

202

204, 205

141,203,204

204

120

227

'210

- 205

122

60, 64
- - - 70

12, 247. 248

261

251

248, 269
- 248, 270

152. 161,206, 211

161

- i6[

161

23, 115

- 61,115

- 115

124

227, 233

227

227

12, 267

103



Lilium columbianum, - - - - 50. 104

Limnorchis graminifolia, . . _ _ jq-

—stricta. ------ 105

Linuc'ea borealis, - - - - - 36, 126

Listera cordata, ----- 46, 106

Lomaria spicant, - - - - 45,54.59,76,91,129
Lonicera involucrata, " - - "

39. 1^6

Lophocolea bidentata. ----- 225

—cuspidata, ------ 225

Lophozia alpestris, ----- 223

—barbata, ------ 224

—excisa. ------ 224

—floerkii. ------- 223

—incisa, - - - - - - 22^

—inflata, ---__- 223

—Kunzeana, - _ . _ _ 223

—lycopodioides, _ . _ - - 224

—porphyroleuca, ----- 224

—ventricosa, ----- 223, 224

Loranthace;e, ------ 107

Luina hypoleuca, ----- 62, 128

Lupinus latifolius. - - - - - - 115

Luzula campestris, ------ 46

—comosa, - - - - - - 29, 103

—parviflora. ------ 103

Lycopodiacc't, - - - - - - 50, 92

Lycopodiuni clavatum, - - - - - 92

—selago, ------ 92

Lycopus communis, ----- 69, 123

Lj'sichiton camtschatcense, - - - - 46, 102

Madotheca navicularis, - _ . - - 215

Malus riviilaris, ----- 39,42,45, 113

Marchantia pol.vmorpha, - - - - - 219

Marchantiace;e, - - - - - - 76. 218

Marsupella emarginata, ----- 221

—sparsifolia, ----- 222

Menyanthes, ------- 122

Menziesia urceolaria, - . - - ^5, 75, 120

Metzgeria conjugata. - - - - - 220

Metzgeriaceie, ------ 219. 220



ISliiinilus langsdorfii, " " " -
30, 123

—nioschatus, - - - - - 60, 123

Mitella ovalis, - - - - - - 60, iii

Mitrnla gracilis, ------ 239
—laricina, ----_- 240

—musicola. - - _ _ . 239
—relimii, ------ 239

Monescs uniflora, ----- 60,89,119

Tvlonocotylcdons, - . - - _ 129, 131

Monotropa hypopitys, - - - - 55,89,119

Alontia parvifolia, ----- 30, 108

— siberica, -
- - - - - 30, 108

Mount Edinburgli. ------ 320

Mylia Taylori, ------ 225

Myrica gale, - - - - - - - 106

Alyricacea'. ------ 106

Myriophylluin spicatum, - - - - 74, 1 18

Nabalus alatus, ------ 22, 127

Nardia crcmilata, ------ 222

—obovata, ------ 222

—scalaris, ---_-. 222

Neillia capitata, - - - - - - 71, 112

Nereocystis, - - - - 12. 251, 253, 257, 266

Newberrya congesta, - - - - 55. 89, 120

Nympha-a polysepala, - - - - 63, 74, 108

Nymph;cace;e, ------ jo8

Odcmtoschisnia Gibbsi?e, - - . - 217, 226, 22^1

Oeiianthe sarmoiitosa, - - - - 23,69,118

Olympic mountains, _--..- 34^

Onagraceas, - - - - - - 116

Orcbidaceae, -..-_- 105

Orobancbaceae, ------ 124

Oxycedrus, ------- 201

Oxycoccus palustris, ----- 121

Panicularia data, ------ 97
Panicum unciphyllum, ----- 26, 95

Papaverace;e, - - - - - - -no
Parasitism, ------- 85

Parnassia timbriata, - - - - - 61, 112
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Polypodiaccc-e. - _ . . . gg, 129
Polypodium falcatum, - - - - 30, 57, 76, gi

—scouleri, - - - - - 30, gj

—munitum. ----- go

Polystichum munitum, - - - 45, 54, 5g, 71. i2g

Populus deltoides. - - . . _ -g

Porella navicularis, ------ 233

—plalyphylloidea, - - - - 231
—rivularis. ------ 231

— Rot'llii. - - - - - - 253

Port Renfrew. ----- 277, 307, 3ig

Postelsia. ------- ^^g
Potamogeton natans, -----

74
—pusillus, ------ 7^

Potentilla villosa, ------ 25

Providence Cove, - ... - 307, 312, ;i2j

Prunella vulgaris, ------ 26

Pscudolarix, - - - - - - 211

Pscudotsuga. - - - - 38, 59, 164. iSo. 2og, 210

—Douglasii. _ - - - . 53
—taxifolia, " " - - - 55- i^9

Pteridophyta, - - - - - 89, 129, 131

Pterysjophora. -- - - - --12
Ptilidium calitDrnicum, ----- 233

Radula Bolanderi. ----- 230, 2;^}

—complanata. - - - - - 230

—spicata. - - - - - - 230

Ranunculace;c, ------ 108, 130

Ranunculus bongardi, - - - "30. 46, 109

—intormedius, - - - - -67, log

Razoumofskya tsugensis, - - - - 46, 86, 107

Renfrewia parvula, - 247. 251. 271. 272. Plates XVI.—XIX.
—parvula perlonga. - - - - 265. 271, 272

—solidungula, ----- 271

—yezzoensis, ----- 270,271

Rhizinia inflata, ------ 241

Rhizinace?e, ------ 238. 241

Rhodophycea?, ------ 12

Ribes bracteosum. - - - - - 112

—lacustre, - - - - - - 112



Riccardia latifrons,

—multifida,

—palmata,

—pinguis,

—sinuata,

Ricciaccc'e,

Ricciocarpiis natans,

Rivers,

Romanzoffia sitchensis.

Rosa gymnocarpa,

—nutkana,

Rosace?e,

Rubiaceae. -

Rubus parviflorus.

—spectabilis.

—ursinus.

Rumex acetosella,

—salicifolia,

Ryiichospora alba, -

Sabina.

Sagina occidentalis,

Salal, -

Salicaceae,

Salix. - - -

—lasiandra,

—sitchensis,

Sahnon berr)-,

Sambucus leiospernia.

Sandstone,

Sangnisorba media,

Sanicula menziesii,

San Juan Lake,

San Juan river,

Saprophytism,

Saxifraga nootkana.

Saxilragacec'c,

- 219, 220

219, 220
- - - 220

220

220

- 218

218

5^.63

122

54. 114

- 39. 114

112, 130

125

- 39.56.71. 113

- 39.45. 54. 56.71,72, 113

- 39,56.113

107

26, 107

99

203

26, 30, 107

35.39.45.54.87, 120, 124.315

-
'

- - 106

54

59, -ji, 106

"]!, 106

113

54. 126

2-jT. 278, iyj

- 114

- 39. iiS

70

57, 62, 308

88

III

1 10, 130



Scapania aniericana,

—Bolanderi,

—convexa,

—denta,

— Evansii,

—nemorosa,

—uliginosa, -

—imibrosa,

—undulata, -

Schist. - - -

Scirpus aniericaiuis,

—c;cspitosus,

—microcarpus,

Scr(.)pliulariacc;c,

Scropliularia calitornica, -

Sclaginella rupcstris,

Selaginellace;F.

Shale, -

Sisyrincliiuni ithdiocnse,

Slate. -

Scnchus asper.

Sorbus occideiitalis,

Sparganiacc.e.

Sparganium androcladum.
—iiiiniimmi,

Spalhularia clavata,

SperniaLO])!iyta.

Spli;eroiiani;einella liehell.'e.

Sphenolobus Helleriamis.

—ovatus.

Sphagnum bogs,

Spn";ea menzicsii.

Spiranthes Romanzoffiana,

Spruce, -
- -

—Douglas,

—Engelmann,

—Patton,

—Tideland.

Stachys ciliatus.

Statistics,

Stenaiuliiuni occidentale, -

217, 22^, 27,2,

228. 233

230
- 229

- 229. 2^7,

229

22Q

229
- 229, 230

- 3-^8

99

99

23, 99

1^3. 130
- ^3, 1^3

61,92

92

277. ^93- 31 1- 315. 319
- 30. 105

- 319

22, 127

- 113

63, 94

94

75. 94
- 238

89
- 242

22Ji,

224

50

71. I 1 .2

106

164. 195

181

170

172

167. Plate XIII.

- 23. 122

- 89

61, 104



Straits of Fuca,



—ovatum,

—parvifolium,

Valerianaces,

Valeriana sitchensis,

Vallisneria spiralis,

Vancouver Island,

Flora,

Geological formation,

Plant distribution.

Plant formations,

Position and extent.

Rainfall and climate.

Temperature,

Topography,

Veins, - - -

Veronica anagallis aijuatica,

—scutellata,

—serpyllifolia,

Vicia gigantea,

Victoria,

Violacefe, - - -

Viola glabella,

—species.

Washingtonia di\ aricata.

Webera nutans.

Yew,
Zostera marina.

- 50.
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